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MESSAGES FROM 'THE SECRETARY OF STATE 
FOR THE DOMINIONS AND THE MINISTER OF 
AGRICULTURE 


Tue Ricut Hon. J. H. THOMAS 


(Secretary of State for the Dominions) 


ORD BALFOUR, in his famous preface to the Report 

of the Research Committee of the Imperial Conference of 
1926, wrote: ‘Let us cultivate easy intercourse and full co- 
operation will follow. I welcome the new Empire Journal 
of Experimental Agriculture as a new and valuable means 
of encouraging that easy intercourse which Lord Balfour’s 
foresight demanded, and I congratulate those who, in so many 
parts of the Empire, have joined together to establish it. 

In agriculture, as in every other human activity, we seem 
to be passing into a new world. There never was a time when 
tremendous changes were more certain, when events were 
harder to forecast or when action was more difficult to plan. 
The founders of this Journal have had the wisdom to discern 
and the enterprise to back the only certainty in sight. They 
have recognized the one sure contribution which can confi- 
dently be made at this moment to the future of Empire 
agriculture. That contribution is to provide that those who 
are responsible for guiding agricultural policy shall keep in 
close touch with each other and shall quickly pool for the 
common advantage every new fruit of discovery and inven- 
tion in the agricultural field. I most heartily wish success to 
their venture. 


J. H. THOMAS 
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Mayor Tue Ricut Hon. WALTER E. ELLIOT, M.C., M.P. 
(Minister of Agriculture and Fisheries) 


I WELCOME the Empire Journal of Experimental Agri- 
culture as a natural and valuable development from the 
Imperial Agricultural Conference of 1927, which did so much 
to foster among scientific workers in all Empire countries the 
desire to combine their knowledge and to approach their tasks 
with the consciousness that the problems of agricultural 
science concern not the parish or county or even the country, 
but the whole world. Science knows no geographical boun- 
daries, and in an Empire which fundamentally is founded on 
agriculture it is impossible to over-estimate the value of co- 
operative research work in agriculture. 

The new Journal is, I understand, designed to deal 
particularly with problems relating to crops and animal 
husbandry, and the results of controlled experimental work 
in the field arising from fundamental scientific investigation. 
The need for the dissemination of such information is so 
obvious that I have no doubt as to the future success of the 
Journal, and I congratulate those who are responsible for the 
new enterprise and wish for it a long and prosperous future. 


WALTER ELLIOT 
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THE BREEDING OF EARLY-RIPENING VARIETIES OF 
SPRING WHEAT IN CANADA! 


L. H. NEWMAN 


(Dominion Cerealist, Experimental Farms Branch, Federal Department of Agriculture, 
Ottawa, Ontario, Canada) 


WITH PLATE 1 


Introduction —The rise to prominence of Canada as a wheat-growing 
country is due in no small degree to the success which has attended the 
efforts of Canadian plant-breeders in developing superior varieties of 
spring wheats that mature with sufficient rapidity to escape damage 
from late summer frosts. It is probably safe to say that in few countries 
has the work of the scientific breeder of plants contributed more directly 
and substantially to national prosperity than it has in Canada. He has 
created varieties which have added millions of dollars annually to the 
value of Canadian production and has turned into a relatively safe enter- 
prise what was once considered a distinctly hazardous occupation 
throughout vast areas of western Canada. 

In order to appreciate fully the significance of the plant-breeder’s 
work in this country, let us pause for a moment to consider something 
of the history of “Canada’s ts belt’, that vast tract of country extend- 
ing from Hudson Bay on the east to the mighty Rockies on the west, 
and from the United States border on the south into the far north. The 
colonization of this region, largely within the past twenty-five years, has 
probably been the most pacers: phase of Canada’s economic history. 

The first white people to be attracted to this great territory were cer- 
tain English gentlemen, described as ‘adventurers, organized to prosecute 
and develop a trade in furs’. ‘This organization, the Hudson Bay Com- 
we , operating under a charter granted in 1670 by Charles II of Eng- 

and, became the virtual ruler of 2,000,000 square miles of territory, a 
position it held for almost 200 years, when this vast tract finally passed 
into the possession of the Dominion of Canada. 

In 1811, the company granted a tract of some 116,000 acres of land 
to Lord Selkirk of Scotland for colonization purposes, and it was to this 
gentleman that fell the distinction of bringing into the territory the 
original pioneers in agriculture—the Selkirk Settlers. This little band of 
hardy pioneers settled along the Red River near the site of the present city 
of Winnipeg, Manitoba. Here began the first attempts at wheat-growing 
in what are now known as the Prairie Provinces. It was not until some 
fifty years later, however, that the business of raising wheat in western 
Canada took on a really serious aspect, the settlers in the meantime having 
suffered much hardship and encountered many discouraging disappoint- 
ments. Although history does not record clearly the varieties which were 
used by these early wheat-growers, it is probably safe to say that these were 
nondescript and poorly adapted to the conditions peculiar to this region. 


' This article deals exclusively with the work of the Dominion Experimental 
Farms, no reference being made to that done by other Canadian institutions. 
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In 1876, a report issued by the Government concerning the crops of 
western Canada indicated that the area then under wheat was approxi- 
mately 480,000 acres. By 1900 this area had grown to about 2,000,000 
acres, but during the following twenty-five years it had increased almost 
tenfold. In other words, the enormous strides made by Canada as a 
producer of wheat have been made during the present century. 

When the Dominion Experimental Farms became established (in 
1886), the variety of wheat commonly grown on the western prairies 
was known as Red Fife. This variety had been developed more or less 
fortuitously by a farmer named David Fife of Peterborough County, 
Ontario, after whom the wheat came to be named. According to the 
best records available, this wheat was obtained by Mr. Fife from a friend 
in Glasgow, Scotland, in about 1842. This friend had obtained the 
sample at the Port of Danzig, Germany, from a cargo of wheat which 
had, it is believed, come from Galicia. Mr. Fife sowed the wheat in the 
spring, but only one plant of Ky aes spring habit developed, the other 
plants proving to be of winter habit. This plant was harvested when 
mature and from the grain so obtained descended the wheat which was 
destined to play so large a part in the history of wheat-growing in the 
Dominion. 

By 1860, the above wheat had found its way into the United States, 
and from there to western Canada about 1882. 

From the year of its introduction into the western wheat-fields until 
the appearance of the world-famous Marquis some twenty-six years 
later, Red Fife was the leading and, in fact, the standard spring-wheat 
variety of that territory. It was this variety which constituted the basis 
upon which the original official grades of Canadian wheat were estab- 
lished. It is also of special interest to note that practically all of our lead- 
ing spring-wheat varieties in Canada to-day carry the ‘blood’ of Ked 
Fife to a greater or lesser extent. This is due to the fact that this variety 
proved to possess outstanding quality from the standpoint of the miller 
and the baker, a fact which has been of tremendous importance to the 
wheat-growing industry of the Dominion. 

Whilst the introduction of Red Fife into western Canada may be 
regarded as an epoch-making event, yet this variety possessed certain 
very serious defects, the chief of which was its inability to ripen suffi- 
ciently early to escape late summer frosts, which occur so frequently in 
many of the best wheat-growing areas of the west. This defect was 
pas A recognized by Dr. Wm. Saunders, first Director of the Experi- 
mental Farms System, who took over his duties in 1886. Dr. Saunders 
realized that if these great virgin plains were ever to attain a position of 
prominence as a wheat-growing country, a variety ripening earlier than 
Red Fife must be found or produced. And now begins the alluring story 
of the long years of patient work, beset with disappointments but 
ultimately crowned with gratifying success. 

The story of how Director Saunders set about to secure for Canada 
earlier-ripening varieties of wheat, as well as of other crops, is one of 
compelling interest. 

Investigation of New Introductions.—In seeking for superior early- 
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BREEDING OF EARLY-RIPENING SPRING WHEAT IN CANADA | 5 
ripening varieties of wheat, extensive collections were made from many 
sources throughout the world. In this quest it was natural to look first 
to those countries which by reason of their altitude or latitude were 
compelled to propagate wheat that would ripen early. Accordingly, 
special attention was devoted to such countries as Russia and to the 
elevated areas of India. From certain of these old civilizations a number 
of most interesting wheat-varieties were obtained. The seed of these 
was sown at Ottawa and compared with Red Fife and other varieties, 
the results being carefully noted. Thus in 1889 there were tested at this 
Station eight varieties of winter wheat and ninety-nine varieties of spring 
wheat. Among the latter were included such varieties as Blue Stem from 
Minnesota, Ladoga from Russia, Onega from Russia, White Delhi from 
India, Hungarian Mountain, Karachi from India, Hard Red Calcutta 
from India, Medea, New Zealand Longberry, Red Fern, Russian Hard 
Tag, Rio Grande, White Russian, and Red Fife. 

In speaking of the importance of securing early-ripening wheats, 
Director Saunders, in 1889, wrote as follows: 


It is to the needs of the North-West settlers that we would at this time direct 
special attention. The soil of the great plains of Manitoba and the North-West 
Territories is stored with such an abundance of fertility that the capacity for produc- 
tion can scarcely be estimated, provided that the difficulties associated with a short 
season can be partially or wholly overcome by the introduction of early-ripening 
sorts. ‘To meet the requirements in this case, not only must the variety of wheat 
be early in ripening, but it must also possess such superior qualities as will command 
for it a relatively high price in the markets of the world; otherwise the cost of 
transporting so bulky a product over long distances would leave but little profit to 
the grower. It is a singular fact that the northern countries of the world, where the 
difficulties surrounding agriculture are greatest, both in the way of production and 
access to markets, are the countries producing wheat of the highest quality, and it 
is found to be a necessity by millers everywhere, who aim to produce first-class 
flour, to add to the softer wheats produced in temperate and southern latitudes 
a large proportion of the hard wheats grown in northern countries, and it is said 
that the larger the proportion of hard wheat used the stronger and better will be 
the flour. While India produces some hard wheat in limited quantities, most of 
the hard wheats which find their way to the markets of the world are the growth 
of the northern plains of Russia, the northern United States, and the North-West 
Provinces of Canada.' 


Among the most promising introductions made from foreign countries 
up to the spring of 1887 was one known as Ladoga. This variety was 
obtained from near Lake Ladoga, 60° N. latitude, being north of what 
is now known as Leningrad. This locality is by latitude 600 miles north 
of Winnipeg, corresponding to a position north of the northern boundary 
of Lake Athabasca in the Peace River Country of Alberta. 

The points in which Ladoga seemed to excel all other introductions 
made up to that time were early maturity and yield. 

Extensive milling and baking tests were made of the above variety 
both by chemical laboratories and by large commercial concerns. At first 
it was considered to be a wheat of high quality comparing quite favourably 


wadoga Wheat, by Wm. Saunders, Bulletin No. 4, Central Experimental Farm, 
Ottawa, March 1889, p. 1. 
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with Red Fife. Thus in 1888 the Dominion Chemist reports as follows: 
“That as far as gluten is concerned the Red Fife and Ladoga are almost 
equal in value, with a small balance in favour of the latter.’! Later, 
however, it was learned that the gluten in different varieties of wheat, 
although responding alike to chemical tests, varies in the physical 
properties of toughness and elasticity, and that in these particulars the 
gluten in Red Fife is superior to that of Ladoga. 

Owing to the early maturity and general good promise of the above 
variety, together with the urgency of the situation, a quantity of this 
variety was imported from Russia for distribution in western Canada 
for the purpose of being tested by farmers. A total of 667 sample bags 
was so distibuted, from which 275 returns were received. These reports 
indicated that Ladoga was capable of ripening ten to fifteen days earlier 
than Red Fife. Again in 1888, a second distribution of this variety, 
consisting of 1,529 samples of 3 lb. each, was made; 301 reports were 
received and once more the early-ripening qualities of the variety were 
recorded. 

The Beginning of Wheat-Breeding at Ottawa.—Whilst Ladoga un- 
doubtedly possessed merits of agronomic importance, it ultimately 
became discredited on account of its inferior quality. Since no variet 
possessing quality, yield, and ability to ripen early had been fs 
it was finally decided to resort to cross-breeding with the hope of 
ere artificially, the sort of combination which nature thus far 

ad failed to offer. Accordingly, a number of artificial crosses were made 
for the first time at Ottawa, on July 19, 1888, the parents used being the 
early-ripening Ladoga and the high-quality Red Fife. 

Preston and Stanley.—Among the most promising of the numerous 
progeny produced from this parentage were two forms to which the 
names ‘Preston’ and ‘Stanley’ were given. Preston is a bearded sort; 
Stanley is beardless. On the average results of nine years’ tests on the 
Experimental Farms, Preston proved slightly more productive, and 
ripened from four to six days earlier than Red Fife. 

Stanley, on the average of nine years’ tests, yielded slightly less than 
Preston but matured in about the same length of time. 

Of these two varieties, Preston became the more widely distributed in 
western Canada, especially in the northern districts, and in fact came to 
occupy an important place until the time when Marquis (v.7.), appeared 
on the scene. 

Huron and Percy.—During the same year (1888), crosses were also 
made between Ladoga and White Fife, the latter being very similar to 
Red Fife in all essential particulars, except in colour of bran; as the name 
implies, this is white, whilst in Red Fife it is red. 

The two most promising combinations from this cross were named 
‘Huron’ and ‘Percy’. The former is a high-yielding variety maturing 
four to six days earlier than Red Fife. Unfortunately, the quality of the 
flour is not all that it might be, and consequently the variety is not 


' Ladoga Wheat, Pt. 1, by Wm. Saunders; Pt. II, Report of the Chemical Composition 
and Physical Characters of Ladoga, Red Fife, and other varieties, by F. 'T. Shutt, 
Central Experimental Farm, Ottawa, Bulletin No. 4, 1889. 
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recommended for the west. On the other hand, it is regarded as one of 
the most desirable varieties we have to-day for eastern Canada, where 
quality is not so imperative. 

Percy yielded slightly less than Red Fife, and matured in about the 
same length of time as Huron. This variety never acquired any 
importance. 

Early Riga—Among the promising importations from foreign coun- 
tries during the early years, two varieties stand out in importance, not 
on account of any particular merits they possessed, but owing to their 
contributions as parents in the breeding-programme. One of these 
varieties, called Gehun, was brought from the Himalayan mountains of 
east India from an elevation of about 11,000 feet. ‘The other variety, 
known as Onega, was obtained near Archangel, one of the most tidy 
wheat-growing districts in Russia. These were both very early varieties 
but not particularly productive. Crosses between these two varieties, 
made at Ottawa, resulted in some interesting and promising combina- 
tions, the most outstanding of which was given the name ‘Early Riga’. 
This variety proved to be one of the very earliest-ripening wheats known 
at the time. In a five years’ comparative test made between this variety 
and Red Fife, the former ripened on the average from eight to nine days 
earlier than the latter. It was also fairly productive, although on the 
average it fell below Red Fife by about 2} bushels per acre. For this 
reason chiefly, it never attained any wide distribution of note. It has 
proved pant valuable, however, in connexion with breeding-work, 
as we shall see later. 

Two interesting selections, designated Riga M. and Downy Riga G., 
were obtained from the above variety and are worthy of special note 
inasmuch as Riga M. became one of the parents of Garnet, whereas 
Downy Riga G. became one of the parents of the very early-ripening 
Ruby (v.z.). 

Extensive investigations into the milling and baking qualities of both 
Early Riga and Riga M., made by the Dominion Chemist, as well as by 
certain Minneapolis commercial mills, indicated that these two varieties 
were apparently about on a par with Red Fife as regards quantity and 
quality of gluten, although the colour of the crumb was not quite as 
white as was that produced from Red Fife. 

Alpha.—Another combination resulting from a Ladoga—White Fife 
cross received the name ‘Alpha’. This proved to be an early-ripening 
variety of good milling and baking quality, but was rather unproductive, 
and for this reason was rejected. It was, however, used later for breeding- 
work, constituting as it did one of the parents of a variety named Fraser, 
which in turn was one of the parents of Prelude, a variety to which we 
shall refer later. 

Bishop.—Crosses made in 1891 between Ladoga and Gehun "ate er 
some interesting forms, one of which received the name ‘Bishop’, and 


proved to be one of the earliest varieties produced at Ottawa, as it 
ripened on the average between eight and twelve days earlier than Red 


' The place occupied by Alpha in breeding-work at Ottawa is indicated in the 
diagram on page 12. 
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Fife. This variety also proved very productive, but owing to the grain 
being from amber to white in colour, it never became popular, except 
in the far north, where even to-day it usually proves one of the most 
satisfactory varieties grown. Incidentally, this variety is being used at 
the present time in connexion with the breeding-programme which is 
still being carried on vigorously by the Federal Farms System. 

Marquis.—Of all the varieties produced thus far by the above institu- 
tion, Marquis may be said to stand in a class by itself, and it is probably 
safe to say that no artificially-produced cereal variety anywhere has 
excelled pre-existing varieties in so many points, or has displaced so 
many varieties over so wide an area. Its introduction may fairly be 
said to have completely overshadowed in importance any other single 
event in Canadian agriculture, marking, as it undoubtedly did, a new 
epoch in the agricultural life of the Dominion. 

Marquis was released for trial by farmers in the Prairie Provinces for 
the first time in 1907. ‘That year was decidedly unfavourable for most 
varieties of wheat, owing to the prevalence of rust and of cool, wet 
weather, but, owing to its early-ripening habit and its superiority over 
other varieties in resisting rust, Marquis gave a remarkable account of 
itself both throughout the provinces and at the Experimental Stations. 
In the field plots at Indian Head, it gave 32 bushels per acre as compared 
with 12 bushels harvested from the old standard variety, Red Fife. 
In the field, Marquis also outyielded Red Fife by a very substantial 
margin. By 1gto this variety was becoming fairly widely distributed, and 
by 1915 it had taken the he over all other varieties throughout the 
wheat-growing areas of the Prairie Provinces, and this lead increased so 
rapidly that within ten or twelve years of its introduction it is credited 
with having occupied not less than go per cent. of all the spring-wheat 
area in the Dominion. Even in the United States it is conceded to be 
the spring wheat that is most generally grown. 

Marquis originated from a cross made in 1892, under the direction 
of Dr. Wm. Saunders, between an early-maturing variety obtained from 
India named Hard Red Calcutta (v.s.), and the leading Canadian wheat, 
Red Fife. The progeny of this cross was still quite composite in character 
at the time (1903) when Dr. Charles Saunders, the writer’s predecessor, 
became Dominion Cerealist and began the systematic analysis and study 
of all promising material which came into his hands. Many plants were 
selected from this mixture and the succeeding progeny was subjected 
to a very critical study for some years. The so-called ‘chewing test’, which 
Dr. C. Saunders used quite extensively at that time, revealed distinct 
differences in gluten ‘strength’ between some of these lines, and 
appreciably assisted in the final isolation of a number of superior lines 
which appeared quite similar in all essential particulars. "These were 
bulked and further tested, finally receiving the name ‘Marquis’. 

The chief points which distinguish Marquis are its ability to mature 
from three to ten days earlier than Red F ife, greater strength of straw 


than the latter variety, non-shattering habit as contrasted with the easy- 
shattering tendency of Red Fife, greater resistance to bunt, and greater 
productivity. 
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Owing to its high bread-making strength and colour of flour, Marquis has 
come to be accepted as the standard of quality for Canadian wheat, all new 
varieties being measured against Marquisin this respect. Even our contract 
grades of wheat are now based on this variety as the standard of quality. 

Prelude.-—Whilst Marquis undoubtedly proved a great boon to the 
western wheat-grower, yet the need for a still earlier-ripening variety 
had been felt in many districts, especially those lying toward the north, 
where early frosts are likely to occur. Although it is true there are certain 
areas, even in the north, where Marquis ripens practically every year 
without serious, or any, frost damage, yet on the other hand there are 
very large areas where this variety is by no means early enough to be 
secure from damage by frost during an average season, especially when 
sown on summer-fallowed land. 

Ever since the Experimental Farms were established, the quest for 
very early-ripening varieties, i.e. for varieties that ripen in even less time 
than Marquis, had been going on. Unfortunately, practically all the 
extra-early wheats hitherto tested possessed some fatal defect which 
rendered it unwise to recommend them for general cultivation in the 
districts where such sorts were needed. Systematic efforts, however, 
were finally rewarded to an appreciable extent by the production of 
a promising cross, to which the name ‘Prelude’ was given. 

Prelude is of rather complex pedigree, three different crosses having 
been made before this variety was obtained. The first of these crosses was 
made in 1888 between Ladoga and White Fife. From this cross the variety 
receiving the name Alpha, to which reference has already been made, was 
obtained. In 1892, Alpha was crossed with Hard Red Calcutta, and to 
one of the varieties obtained the name Fraser was given. In 1903, Fraser 
was crossed with Gehun, and from the numerous combinations obtained 
therefrom the one which gave greatest promise was called ‘Prelude’. 

Prelude is distinguished chiefly by its extremely early-ripening habit, 
being usually ready for harvest from one to two weeks before Marquis. 

The heads of this wheat are bearded, and the glumes carry a slight 
pubescence. The straw is short and appears to be rather weak, although 
actually it stands up fairly well. The kernels of Prelude are red and of 
remarkable heavy weight per bushel. The flour produced is of the 
popular granular type and of high baking-strength. 

Prelude yields fairly well in the north, but cannot compete with 
Marquis in this respect under conditions which favour the latter. It is 
a wheat distinctly designed for those regions where only extremely early 
wheats are of any value. 

In spite of its early-ripening habit, Prelude never came to occupy 
a very prominent place, owing to its rather meagre yield. Its greatest 
contribution has been in the extent to which its early-ripening habit and 
high quality have been combined by crossing with Marquis to produce 
the variety called ‘Reward’, which at the present moment is very much 
in the limelight in Canada. 

Ruby.—Although, at the time of its introduction, it was believed that 
Predade would fill a very important place in many districts, nevertheless 
Dr. Saunders felt that there was a special need for a variety which would 
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be better adapted to the requirement of certain districts, although per- 
haps not quite so early as Prelude. With this thought in mind many 
crosses were made, from which came the variety to which the name 
‘Ruby’ was given. This variety was produced in 1905 from a cross 
between Red Fife and Downy Riga; so that Ruby and Prelude as well 
as Garnet are fairly closely related. 

Ruby matures five to ten days earlier than Marquis, as a rule, and 
therefore is a few days later than Prelude. The straw of Ruby is longer 
than that of Prelude and therefore better adapted to conditions which 
tend to produce short straw. In milling and bakieg qualities Ruby ranks 
with Marquis. 

Ruby was introduced into western Canada during the years of the 
Great War (about 1915), when it was hoped that it might aid in increasing 
the amount of wheat for the allied armies. Although it served a ve 
useful purpose at that time and became fairly widely distributed, 
meddle in districts which are always glad to welcome an early-ripening 
variety, yet it has been rather disappointing from the standpoint of yield. 
Many growers who adopted Ruby enthusiastically at the outset soon lost 
their ardour when nating returns were received. With the appearance 
of such varieties as Garnet and Reward some years later, it gene 
disappeared in favour of these varieties, which were at least as early and, 
as a rule, substantially more productive than Ruby. 

Garnet.—The disappointing yields obtained from Ruby stimulated a 
renewed effort to produce a variety at least as early as the latter, but one 
which would give a more satisfactory yield. As a result of these activities 
the variety ‘Garnet’ was developed. 

Garnet, like Prelude, is the product of several crosses, the first of which 
dates back as far as 1888, when Preston, one of its parents, was brought 
into existence as the result of a cross between Ladoga and Red Fite. 
Riga M., the other parent of Garnet, as already explained, was a selection 
out of Early Riga, which was produced from a cross made in 1891 
between Onega and Gehun. The pedigree of this variety is given in 
the accompanying diagram. 


— x Red Fife (1888) 
| 


Preston Onega x Gehun (1891) 
Early Riga 
Preston A x Riga M. (1905) 
| 
Garnet 


Garnet is an unusually interesting variety to the plant-breeder, 
because it matures ahead of the earlier parent and at the same time equals 
if not excels both parents from the standpoint of yield. 

These same characteristics have also won for it much popularity 
among farmers living in districts where an early-ripening wheat is a 
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practical necessity. Ripening from six to twelve days ahead of Marquis, 
depending on the season and other environmental conditions, and 
ranking with the latter variety in its inherent yielding ability, it was 
warmly welcomed by the man on the land and spread with amazing 
rapidity, following its introduction in 1926, throughout those areas 
where Marquis could only be grown at great risk. 

In addition to its earliness and productivity, Garnet is distinguished 
by the fine rich red colour of the berry, which is retained to a remarkable 
extent even when the wheat is grown under conditions which tend to 
produce starchy or piebald kernels in most wheats. This is considered 
an attribute of very considerable value, especially to the northern wheat- 
grower, who is liable to have to take a lower grade on account of the 
natural tendency of wheat grown in many parts of the north to go ‘starchy’. 

Prior to its introduction an enormous amount of work had been done, 
chiefly by the Cereal Division of the Experimental Farms Branch at 
Ottawa, in investigating the milling and baking qualities of Garnet. 
These investigations seemed to show that, so far as quality was concerned, 
this variety appeared to be at least reasonably satisfactory. In a bulletin 
entitled Garnet Wheat, published by the Cereal Division in the spring 
of 1927, the following general conclusions were submitted: 


From the data now available we may conclude that Garnet is a variety which 
merits consideration especially in those districts where the conditions are inimical 
to the proper development of Marquis. It is generally agreed that it is preferable 
to produce a well-developed Garnet sample than a poorly developed or unsound 
sample of Marquis. For reasons given below, however, we cannot recommend 
Garnet as a substitute for Marquis in districts where the latter variety may be 
depended upon to thrive successfully. 

From the standpoint of milling and baking qualities, Garnet, undoubtedly, does 
not rank as high as Marquis, all things considered, although it seems entitled to rank 
among the good milling wheats. 


Since the above bulletin was issued, much further work has been done, 
not only in Canada, but in the United States, in Great Britain, and on 
the Continent. In 1929, 7,000 bushels of this wheat were transported 
overseas for milling and baking tests on a larger scale than could be 
carried out on a small experimental flour-mill. Milling and baking tests 
were made at twenty-one different places in Great Britain and on the 
Continent during that year. These tests seemed to show quite clearly 
that the original conclusions above cited were reasonably correct. It was 
demonstrated, however, that Garnet produces a type of flour which 
behaves somewhat differently from Marquis, and this fact has given rise 
to the desire on the part of millers to have the variety graded separately. 
Whether or not this is practicable has been a matter of considerable 
controversy during the past couple of years; actually, at the present 
moment this question has not been settled definitely. 

Without going further into the merits or demerits of the above wheat, 
it can be said without fear of contradiction that this variety has filled 
a long-felt want in the north country, and has enabled farmers to carry 
on the production of wheat with infinitely less risk and greater satisfac- 
tion that formerly was possible. 
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Reward.—Although Prelude, as previously pointed out, proved a dis- 
appointment as a yielder, its remarkable earliness together with its 
outstanding qualities could not be lost sight of in any progressive 
breeding-programme. When therefore the yielding ability as well as 
the good baking qualities of Marquis came to be fully appreciated, it 
was decided to cross it with Prelude with the hope of combining at least 
some of the earliness of the latter with the higher yielding ability of the 
former. ‘This cross, which was made in 1912, resulted in several exceed- 
ingly interesting and promising combinations, one of which came to be 
named ‘Reward’. This variety ripens usually about one week earlier than 
Marquis and therefore as a rule, only about a week behind the extremely 
early variety Prelude; it therefore comes midway between the two parents 
as regards date of maturity. It produces an exceptionally large, heavy 
kernel of excellent colour and of outstanding milling and baking 
qualities. 

From the standpoint of protein-content, Reward ranks higher than 
most of the wheat varieties produced by this Division to date, excelling 
even Marquis in this respect. 

The straw is of medium length and of excellent strength. In the latter 
respect it is superior to Garnet. 

In comparative yielding-tests, conducted very extensively throughout 
the wheat-growing areas of the west, Reward has not made quite so good 
a showing as was hoped. In certain areas, however, it has been able to 
compete with Marquis and Garnet, but in others, unfortunately, it has 
given yields than these two varieties. 

Owing to its remarkable quality and its early-ripening ability, Reward 
is highly recommended for trial in those districts which demand an 
early-ripening wheat. It is gaining ground steadily in some areas 
although it is falling behind in other sections on account of yield. 

Certain selections out of Reward, which are under test at the present 
time, appear to be rather more productive than the parent sort, and it is 
hoped that one of these may come to occupy a prominent place among 
our leading varieties, especially in the northern parts of Saskatchewan 
and Alberta. 

The interesting pedigree of Reward is shown in the accompanying 
diagram. 


Pedigree of Reward and its Forbears 
Ladoga x White Fife (1888) 
| | | 
Alpha x Hard Red — (1892) 


| 
Hard Red Calcutta x Red Fife (1892) | Gehun x Fraser (1903) 
| | | | 


| 
Marquis x Prelude (1912) 
| 


Reward 
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Promising hybrids now being studied——Among the numerous hybrid 
wheats at present under study at Ottawa and at the various Branch 
Farms, special reference should be made to crosses between Reward and 
Garnet, Marquis and Garnet, Marquis and Reward, and Reward and 
Early Triumph. These crosses have for their objective the creation of 
high-yielding, early-maturing varieties of high quality. 

Certain other crosses, such as Reward x H 44-24, having as their 
objective the production of rust-resistant early-ripening wheats of high 
quality, are also under study, especially at the Dominion Rust Research 
Laboratory at Winnipeg, Manitoba, where work on disease is largely 
concentrated. 

Inheritance of Earliness—Whilst environmental conditions, and 
especially season, play an — part in determining the length of 
the growing-period, it has been found that the difference between 
varieties as regards the number of days required to reach maturity is on 
the average fairly constant. Although an abnormal season, such as a 
very dry, hot one, may hasten maturity and narrow up this difference, 
just as a cool, wet season may widen it, yet over a period of years the 
average difference between varieties is remarkably well maintained. 
(See Tables 1, 2, and graph). 


TaBLe 1. Days from Seeding until Maturity of Prelude and Marquis and 
of Some of their Progeny at Indian Head, Sask. (Lat. 50° 33’ N.; Alt. 1936’) 


Number of 
days later 
Five-year than earliest 


Variety 1925 1926) 1927 1928| 1929) average parent 
Marquis « | 102 109 110 110 107 13 
Prelude : ? 93 89 89 98 102 94 ° 
Reward : - | 100 95 102 99 104 100 6 
Sister sorts of 

Reward: | 

(a) 928QQ, . IOI 95 102 100 105 IOI ‘| 
(b) 928 P. . : 100 95 IOI 99 104 99 5 
(c) 928 W.1.D. . 99 92 | 101 99 | 103 99 5 
(d) 929 B. . - | too 95 102 99 105 100 6 
(e) 928 L6 . : IOI 102 102 100 105, 102 8 


In mode of inheritance, our experience has shown that earliness 
appears to be transmissible in much the same manner as do most other 
characters, although the segregation can hardly be regarded as a simple 
Mendelian one. Thus we have found that both the F, material and most 
I’, progenies are intermediate between the two parents in respect of days 
required to reach maturity, but that the latter does not segregate into 
distinctly early and late groups. Seldom has there been developed a form 
as early as the earliest parent, and in such cases these usually have had 
to be discarded because of certain serious defects. A notable exception 
to this generalization is, however, afforded by Garnet, as already 
pointed out. 
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Station, ‘ 1924 1925 1926 1927 
Latitude and Altitude. 130 
120 
zatitude 58° 30’ N. 
100 
REWARD 
90 
140 


Beaverlodge, Alta. 
Latitude 55° 12’ N. 
Altitude 2484’ 


NUMBER OF DAYS TO MATURE 
oO 


Indian Head, Sask. 
Latitude 50° 33’ N. ° 4 


Altitude 1936’ 110 


REWARD 


90 


1924 1925 1926 1927 


Graph showing difference in dates of maturity of four varieties at three 
widely-separated farms, 1924-1927 inclusive. 
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Summary 


1. The successful raising of wheat over large areas throughout 
Canada’s north-western (Prairie) provinces has been made possible by 
the creation and introduction of early-ripening varieties. 

2. Among the early importations from foreign countries, Ladoga and 
Onega from Russia and Gehun and Hard Red Calcutta from India have 
been used most in the breeding-programme initiated by the Federal 
Government of Canada in 1888. 

3. The ‘blood’ of Red Fife, a variety which is believed to have 
originated in Galicia, and which was the leading wheat in Canada for 
many years, prevails in practically all of the leading Canadian varieties 
to-day. 

4. The most valuable new varieties produced at Ottawa up to the 
present time are given below in the order of their appearance: Preston, 
Stanley, Huron, Percy, Early Riga, Alpha, Bishop, Marquis, Prelude, 
Ruby, Garnet, and Reward. 

5. Of the above varieties, the most important at present are Marquis, 
Reward, and Garnet. The others have practically disappeared. 

6. The difference between varieties in regard to length of time 
required to reach maturity, remains, generally speaking, remarkably 
constant over a period of years. 

7. The mode of inheritance of ‘earliness’ in wheat is complex. 


(Received March 16, 1933) 
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Marquis (107 days) 


TWO VARIETIES OF WHEAT MATURING AT DIFFERENT DATES 


Prelude (94 days) 
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THE INFLUENCE OF THE NUTRITIONAL STATE OF THE 
SHEEP ON ITS SUSCEPTIBILITY TO INFESTATION WITH 
THE STOMACH WORM, HAEMONCHUS CONTORTUS 


ALLAN H. H. FRASER, Rowett Research Institute, Bucksburn, Aberdeen, and 
DAVID ROBERTSON, North of Scotland College of Agriculture. 


DuRING recent years evidence has been accumulating that diet exercises 
an important influence on the susceptibility and degree of infestation of 
an animal to parasitic helminths. The most important experimental 
demonstration of this fact was carried out by Foster and Cort (1931) in 
which they showed that dogs placed on a deficient diet were more 
susceptible to hookworm (Ancylostoma ganinum) than those on an 
adequate diet [1]. Equally significant are the experiments of Chandler 
(1932), who proved that rats had a markedly lower resistance to infection 
with the intestinal parasite, Nippostrongylus muris, when they were kept 
on an adequate diet [2]. 

Susceptibility to helminthiasis may also be increased by feeding a diet 
deficient in vitamins. Hiraishi (1928) showed that pigs fed on a diet 
deficient in vitamin A lost both their immunity against the pig strain of 
Ascaris lumbricoides and the human strain, which usually fails to mature 
in pigs [3]. The experiments of Ackert and others (1929, 1931) with 
chickens [4, 5, 6] and those of Nagoya (1931) with dogs [7, 8] also give 
evidence of the prophylactic action of vitamins in helminthiasis. 

The recent work carried out by Clapham (1933), however, is somewhat 
at variance with those of other workers [9]. For instance, whereas Ackert 
found that he could increase the numbers of Ascaridia lineata in chickens 
by feeding a diet deficient in vitamin A, Clapham found that vitamin A 
did not affect the resistance of chickens to Heterakis gallinae. In Clap- 
ham’s experiments with Parascaris equorum, however, a lower degree of 
resistance was obtained in rats fed on a deficient diet. 

Ross and Graham (1932) are perhaps the first workers to investigate 
the problem of nutrition and sheep helminthiasis [10]. In their parasito- 
logical field trials with sheep they found that improved nutrition reduced 
the mortality rate and also increased the gain in wool and weight. No 
complete data are given, however, on the relative numbers of worms 
found in the well-fed and control groups, so that their experiments 
furnish no conclusive proof that improved nutrition reduces the degree 
of infestation of sheep to helminths. 

The present experiment was, therefore, carried out to determine the 
degree to which differences in clinical condition produced by nutritional 
factors might affect the degree of parasitic infestation of sheep exposed 
to an equal chance of infection. 


Material and Technique 
The stomach worm Haemonchus contortus, commonly called the twisted 
wireworm, was considered the most suitable parasite since, in addition to 
its economic importance throughout the world, it is relatively large and 
not difficult to recover from the contents of the abomasum. 
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Forty half-bred lambs were taken from their dams soon after birth and 
fed inside concrete pens (saw-dust used as bedding) on cows’ milk, meals, 
and grass cut from pastures which had not been grazed with sheep or 
cattle. At the age of 3 months the lambs were divided into two groups 
of 16 (8 having died), the groups being comparable in weight and appear- 
ance. One group was given 7-8 lb. of green tares and bruised oats per 
head daily. The other group received, in addition to an equal quantity 
. — and oats, 3 pints of separated milk and 1 lb. of mixed meals 

aily. 

Teena examinations on three separate occasions showed that no 
helminth eggs were being passed, thus indicating that the lambs were 
parasite-free. 

At the age of 4 months the average weight of the poorly fed group 
was 60 Ib. and of the well-fed 84 lb. (see Graph). At this point it was 
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decided to graze all 32 lambs on naturally infected pasture. A natural 
infection was adopted in preference to an artificial one, since the results 
obtained in 1931 by Ross [11] and others with the latter method gave a 
very wide variation, in spite of the fact that the lambs were similar in 
weight and age and that equal numbers of larvae were administered. 

The field in which they were grazed was divided into 16 paddocks 
approximately 1,080 sq. yds. in size, all of which had been heavily grazed 
with — previous to the experiment. The two groups were kept 
separate throughout, but, by interchanging them daily, each paddock 
was grazed for the same length of time by each group. This method of 
grazing ensured that each group had an equal chance of picking up the 
same number of worms. 

The well-fed group continued to receive the pound per head of meals 
but the separated milk was discontinued. 
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At the end of 46 days the lambs were slaughtered at a local abattoir and 
the carcasses sold. ‘The abomasums were removed intact, labelled and 
transported to the laboratory. The contents of each abomasum were 
poured into a jar and each abomasum was then opened from end to end 
and washed in a flat dish to remove any worms adhering to the mucosa. 
‘To ensure that no worms were lost the washing was repeated at least four 
times in fresh quantities of water heated to a temperature of 43° C. and 
the mucosa thoroughly examined before discarding. Warm water causes 
Haemonchus to wriggle and, therefore, to leave the mucosa more readily. 

The usual process of sedimentation and decantation was used to 
obtain the worms in a clear supernatant liquid. Alcohol was then added 
and the jars set aside for examination. 

By examining the contents of a jar in small portions in a black photo- 
graphic dish to which a little water had been added the Haemonchus could 
be easily detected and picked out. 


Results 
The results of the examination are shown in the following table: 


Numbers of ‘Haemonchus contortus’ found in Well-fed and Poorly fed 


Groups 
Well-fed Group—G Poorly fed Group—P 
G 2 21 
G3 4! P 3. 199 
G 4 5 P 4 92 
G5 76 P 5 149 
G 6 . 6 18 
G 7 3 P 7 go 
G 8 33 Ps 41 
Go 47 P 9 76 
Gio 67 P to 62 
Git 16 222 
G12 18 P22 nil 
G 13 28 aa 64 
Gi4 74 P14 137 
Gis 45 P15 205 
G 16 6 P16 151 
Aver. 31 Aver. 103 


Statistical Analysis of the Results 


‘The average number of worms in the poorly fed group was 103, in the 
well-fed 31. There were surprising individual variations within each 
group, the numbers in the poorly fed group ranging from o to 222 and in 
the well-fed group from 2 to 76. Statistical analysis of these results 
showed that the difference between the two groups is significant and that 
the chances against the group difference being fortuitous are 1,400 to I. 


' We are indebted to Dr. Tocher, Aberdeen, for kindly undertaking this part of the 
work, which need not be given in detail. 
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It may therefore be deduced that, under natural conditions of infection, 
the nutritional state of the sheep plays a significant part in determining the 
degree of its susceptibility to stomach-worm infestation. 


Discussion 


When the two groups of lambs were turned out to graze, there had been 
only one difference in their previous history and treatment. One group 
kak been better fed than the other, and better feeding had resulted in 
superior growth and physical condition. This superiority was maintained 
to the end of the grazing period. Correlated with this difference in 
nutritional condition there was a significantly higher number of worms in 
the poorly fed group. It may therefore be deduced that in this experi- 
ment good feeding reduced the degree of parasitic infestation of the 
abomasum by Haemonchus contortus. 

The relative influence of individual nutritional factors in producing 
this result was not subjected to experimental test and is, therefore, not 
relevant to the discussion. It may be argued that since the well-fed sheep 
were in good condition when put out to graze and received a supple- 
mentary ration while grazing, they would have eaten less grass than the 
poorly fed sheep, thus mechanically reducing their chances of infestation. 
No actual figures are available to show how much grass each group did, in 
fact, eat. But were the result due to this factor, it would have to be 
assumed that the poorly fed sheep ate three times more grass, since they 
on the average contained three times more worms. There was no evidence 
of any such difference since both groups were confined to equal grazing 
areas. It therefore seems more probable that the effect of nutritional 
condition was a direct one, and that in some way the well-fed sheep were 
better able to repel or eliminate the worms ingested. 

An interesting result of this experiment is the evidence that lambs not 
previously exposed to infestation seem to havea variable natural resistance 
to stomach worms. But since additional data on this subject have been 
obtained in connexion with an experiment on the control of Ostertagia 
circumcinta in lambs, it is the intention to discuss this problem in a later 
paper. 

Summary 


The part played by nutrition in haemonchaesis of lambs has been 
studied. 

Statistical analysis of the results showed that well-fed lambs have a 
higher degree of resistance to infection than those poorly fed. 
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ROTHAMSTED EXPERIMENTS ON RESIDUAL VALUES 
OF LEGUMINOUS CROPS! 


HUGH NICOL 
(Department of Bacteriology, Rothamsted Experimental Station) 


Tue classical experiments of Lawes and Gilbert aimed at testing the effect 
of manures upon the growth of each of the crops of the usual four-course 
rotation. The experiments on wheat, barley, and roots, and the Agdell 
rotation experiment, are still in being with a continuous history, but the 
field experiments on successive leguminous crops have been discontinued. 

Lawes and Gilbert had considerable difficulty in keeping the ‘continu- 
ous’ leguminous plots free from weeds; first the Geescroft Field, and 
then part of the Hoos Field, legume plots were discarded on this account. 
Still later, when Sir John (then Dr.) Russell became Director, the last 
of the Hoos Field plots were given up for the same reason, and now only 
the Rothamsted House clover plot remains. 

The Hoos Field leguminous plots were laid down in 1878. They 
consisted of three strips or series running east and west. Each strip had 
an area of about one acre and was differently manured: (i) with mineral 
manures only; (ii) with mineral manures and nitrate of soda; (iii) with 
mineral manures and ammonium salts or rape cake. ‘The nitrogenous 
manures were in general equivalent to 86 lb. of nitrogen per acre. 
Each strip was further subdivided into six nearly square plots which 
received various mineral manures, the same for each triad of plots 
running north and south. These plots were numbered from 1 at the 
east to 6 at the west. Plot 1 of Series I (at the north-eastern corner) 
was used for small beds on a particular plan and is not taken into account 
elsewhere in this paper. The remaining seventeen plots were each 
divided into seven strips running north and south. Originally some 
fourteen different leguminous plants were sown on the area, but towards 
the end of last century the number of species had been reduced to seven 
—one on each small strip. Sowings were then uniformly made in this 
order from east to west on each plot: lucerne (Medicago sativa), beans 
(Faba vulg. arvensis) or peas (Pisum — in alternate years, Bokhara 
clover (Melilotus leucantha), sainfoin (Onobrychis sativa), white Dutch 
clover (Trifolium repens), broad red clover (T. pratense), vetch (Vicia 
sativa). It appears that prior to 1898 sowings were broadcast. 

Early in 1898 it was decided to abandon all but the five plots of Series I 
in the hope that better cultivation on the reduced area would help to 
keep down weeds. The area covered by the other two Series (about two 
acres) was fallowed in 1898 and sown with wheat in 1898-9 and after- 
wards with results that are recorded in this paper, which is concerned 
solely with the residual effects of the legumes of Series II and III. 

The area which had been occupied by the crops of Series II and III 

' The experiments recorded in this paper have not previously been described, the 


materia! having been allowed to accumulate pending the completion of certain field 
experiments on lucerne. 


~ 


4 
1 
F| 
el 


EXPERIMENTS ON RESIDUAL VALUES OF LEGUMES 23 


thus became the site of an experiment upon residual effects of leguminous 
crops, and, with some changes, the experiment was continued until 1922. 
‘The site was fallow in 1923. It reverted to commercial cropping of 


Series I Series IL Series I 


VETCHIES 
BROAD RED [CLOVER 
WHITE DUTCH] CLOVER 
SAINIFOIN 
BOKHARA [CLOVER 
PEAS (OR | BEANS) 
LUCEIRNE 


HiINOS 
HLIYON 


Small Beds 


¢--Area about 2 acres---> 


Shaded 
by trees 


Fic. 1. Lay-out of Hoos Field leguminous land cropped 
with legumes, 1878-97; Series II and III cropped with 
wheat, 1899-1903. 


barley until it was again occupied in 1930 by the long-term, modern 
replicated experiment known as Rotation I. 

The lay-out of the experimental plots about 1898 will be seen in the 
diagram (Fig. 1), if it is understood that each of the small plots, except 
that labelled ‘Small Beds’, was arranged in seven strips, as shown on 
two plots only. 

It is unnecessary to particularize yields of the leguminous crops or 
their manurial scheme. The manurial treatments are fully set out on 
page 47 of the 1901 Memoranda [1]. Since wheat was grown after seven 
various legumes each of which was manured with six different combina- 
tions of mineral manures and also with three forms of nitrogen, the 
experiment might have been expected to yield an impressive amount 
of information. As, however, the plots were not duplicated, any figures 
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which might have been obtained for the results of interaction of manures 
and residual effects might not have possessed a real value, and in any 
case their collection would have entailed a vast amount of work. What 
was done is best explained in Sir Henry Gilbert’s own words in 
Memoranda, p. 51 [1], from which the fihouing quotation is taken. 
The reference to the six instead of twelve plots is undoubtedly due to 
Sir Henry’s having ignored the qualitative differences between the 
nitrogenous treatments, so that each adjacent pair of strips of plant was 
to be regarded as one. 


Each of the six plots had been differently manured, and each differently manured 
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99 1900-1901 3021903 


Fic. 2. Mean yields of wheat in bushels per acre after seven 
leguminous plants, no manure being applied to wheat. 


plot had had seven different leguminous crops growing upon it. It is obvious that it 
would have been impracticable to harvest and thresh separately, the produce after 
each of the seven descriptions of plant, on each of the six differently manured plots, 
which would have involved the separation, and the threshing and dressing separately, 
of forty-two different lots. Accordingly, there were mixed together the produce after 
each description of leguminous plant, each grown under the six conditions as to 
manuring; thus reducing the number of lots to be dealt with to seven. There is 
obviously some disadvantage in ignoring the difference of effect of the different 
manures on the individual leguminous plants; but it was considered to be more 
important to separate the produce after the different plants, than to take that on 
each differently manured plot, each of which had grown seven different descriptions 
of leguminous plant. 


No further manures being applied after 1897, Red Club wheat was 
sown in the autumn of 1898 after a fallow, and then a crop of wheat was 
taken annually until 1903 inclusive. We have thus a five-year series of 
records of the wheat produced on arable land without manure after seven 
different leguminous crops. ‘The records are very full but the only figures 
reproduced here are for yield of dressed grain, of straw, and of total 
produce, in ‘Tables 1 and 2. Yields of grain are shown in Fig. 2. 


1 
] 
] 
] 
7 


P 
il 
‘I 
A 
‘ L 
B 
B 
| \ 
\ 
A 
"7 
r 
s 


EXPERIMENTS ON RESIDUAL VALUES OF LEGUMES 25 


The condition of the wheat in the first three years after the leguminous 
plants was carefully noted. ‘Though no direct record of Sir John Lawes’s 
impressions are available, Sir Henry Gilbert has left some striking 
comments [1] (Memoranda, pp. 51 and 52): 


‘TABLE 1. Wheat: Yields in Bushels and in Pounds of Dressed Grain after 


1899 1900 1901 1902 1903 

After: bush. 1b. bush. | 1b. bush. lb. bush. 1b. bush. lb. 

Lucerne - | 39°25 | 2496 26°44) 1631 27°00 1714 | 20°08 =1198 19°98 1180 
Beans or peas | 42°56 | 2717 | 14°25 871 16°81 1064 14°01 853 | 12°97| 762 
Bokhara clover. - | 43°69 | 2797 | 16°44 | 1008 | 20°13 | 1272 | 15°55 | 935 | 14°77| 880 
Sainfoin 45°19 2905 | 19°06 | 1169 | 20°88 1322 | 15°80 | 14°66 867 
White clover : - | 43°50!) 2791 | 19°31 | 1188 | 21°44 1348 | 17°88) 1046 | 17°18 | 1022 
Red clover . ; - | 43°00 2766 | 19°06 | 1172 | 21°44 1342 | 17°73. 1060 | 16°67! 992 
Vetches 39°94 2569 14:19; 878 | 17°69 1107 13°90 841 | 14°02 833 


Above six legumes (mean) 42°98 | 2757 | 17°05 | 1048 | 19°73 | 1242 | 15°81 | 948 | 15°04) 893 
The three clovers and 
sainfoin (mean) . - | 43°85 2815 | 18°48 1134 20°98 1321 16°74 998 15°82) 940 


TABLE 2. Wheat: Straw (A), and Total Produce (B), after Various 
Leguminous Crops, 1878-97. Weights in Pounds 


1899 1900 1g01 | 1902 1903 

After: A B A B A | B A | B A | B 

Lucerne ‘ : . | 5499 | 8108 | 2722 | 4554 | 2312 | 4054 | 2327 | 3553 | 1837 | 3035 
Beans or peas A . | 5622 | 8430 | 1312 | 3202 | 1484 | 2571 | 1495 | 2379 | 1156 | 1926 
Bokhara clover. - | 5592 | 8508 | 1549 | 2582 | 1748 | 3038 | 1588 | 2542 | 1317 | 2205 
Sainfoin ; ‘ . | 5611 | 8639 | 1788 | 2986 | 1796 | 3137 | 1627 | 2600 | 1380 | 2256 
White clover , . . | 5404 | 8308 | 1707 | 2927 | 1822 | 3201 | 2011 | 3086 | 1602 | 2635 
Red clover . 7 . | 5580 | 8505 | 1787 | 2992 | 1824 | 3185 | 1934 | 3023 | 1526 | 2528 
Vetches A 5051 | 7766 | 1360 | 2262 | 1591 | 2729 | 1390 | 2257 | 1261 | 2102 


Above six legumes (mean) 5477 | 8584 | 1584 | 2658 | 1711 | 2977 | 1674 | 2648 | 1374 | 2275 
The three clovers and 
sainfoin (mean) . - | 5545 | 8490 | 1658 | 2872 | 1800 | 3140 | 1790 | 2813 | 1456 | 2406 


In the concluding years of this experiment seven plants were grown continuously 
(each on its own plot), viz. lucerne, peas (or beans), Bokhara clover, sainfoin, 
Dutch clover, red clover, vetches. 

The lucerne plots (1) being shaded by adjacent trees, the produce of these plots 
was at first harvested separately and later omitted frorn the calculations, so that 
the later figures include only five (double) plots of lucerne, against six plots of 
each of the other plants. 


Throughout the period of growth there was a good and even plant of wheat over 
the whole area, and as the season advanced there was a promise of very heavy crops; 
showing, however, marked distinctions according to the description of leguminous 
plant which had previously been grown; the luxuriance being by far the most 
marked on the lucerne plots, on which the wheat had a very deep-green colour, 
and was early laid quite flat. 

It may be added that with the high condition of the land after so many years 
under leguminous crops, a winter and spring favourable to luxuriance, and great 
deficiency of rain and considerably over average temperature in the summer, early 
vegetative activity was followed by favourable ripening and harvest conditions. 
Under these circumstances, the grains were adjudged by Mr. Hewlins to be upon 
the whole very well grown, and characterized by great strength, the wheat after 
lucerne being the strongest of all, and that after the peas perhaps the weakest. ‘The 
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grains were, in fact, found to contain a high percentage of nitrogen, and there can be 
little doubt that there was a high condition of the nitrogenous substances. 

In the second year the description of wheat sown was “Square Head’s Master’. 
There was a good plant on all the plots, though much less growth than in 1899. 
Nevertheless, the plants again showed more luxuriance after the lucerne than after 
any of the other leguminous plants, and the Table shows that the produce of both 
grain and straw was considerably higher on the lucerne plots than on any of the 
others. The produce was, however, on all the plots very much less in 1900 than in 
1899. Part of the result would doubtless be due to the great exhaustion of nitrogenous 
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Fic. 3. Hoos Field leguminous strips. Croppingin 1904-14 
without manure, and with manures, 1916-22. 


residue in the growth of the large crops of 1899; and part to the season of 1900 being 
very much less favourable for wheat production than that of 1899. ‘The weight per 
bushel was also much lower in 1goo than in 1899. 

Square Head’s Master was again sown for the third crop, that of 1go1, and at the 
present time (June 1gor) the wheat shows a great plant on all the plots, though only 
restricted growth. Still, the lucerne plots again show more luxuriance than any of 
the others. 


Mr. Edwin Grey remarked: [2] 


Owing, partially, to the enormous amount of labour required to keep these 
leguminous beds clean, Series 2 and 3 were ploughed up, well cleaned, and then 
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sown with wheat. I remember how very distinct the crops showed up according 
to the sort of leguminous plant that had been growing previously. Several wheat 
crops were taken, and each crop showed the distinctive mark more or less throughout, 
the previous lucerne plots being very noticeable. 

After these series of wheat crops, in the year 1904, the land was rearranged, being 
then laid out in four long strips running east to west. Three were sown with oats, 


and in the oats, lucerne, red clover and alsike seeds respectively and later vetches 
on the fourth. 


The lay-out in 1904 is shown diagrammatically in Fig. 3. 

The vetch strip mentioned by Grey was laid out partly on land occupied 
by the southern half of the oid small beds and remaining leguminous 
strips of Series I, so that the area occupied by continuous legumes was 
again reduced. Results obtained upon the vetch strip are not referred 
to in this paper. A small part of Series II land where it adjoined Series I 
was included in the vetch strip. In 1904 the central area of Series II 
was sown to alsike clover. ‘The southernmost part of Series II] was 
sown to lucerne, and an intermediate portion, of equal area to the lucerne 
and alsike strips, was sown to red clover. Necessarily the red clover strip 
lay partly upon the site of Series II and partly upon the site of Series ITI. 
Lucerne, red clover and alsike were sown down in oats in May 1904. ‘The 
oats were harvested together, the yields not being separately recorded. 

These four strips were maintained each under an individual legume 
until 1911. In 1906 red clover and alsike were sown in barley, which 
was harvested in one lot. In 1908 no crops of red clover or alsike were 
obtained. Vetches were sown annually (with a fallow in 1913) on the 
vetch strip until 1912, after which the plot was abandoned as far as 
regards experiment. Yields of the four leguminous crops were recorded 
in all cases. They were generally satisfactory in the circumstances, so 
that they are not given-here. ‘This paper is concerned with the residual 
effects of leguminous crops and not with yields of legumes under 
‘continuous’ cropping. 


TABLE 3. Yields of Oats and Barley after Three Legumes 
Legumes 1905-11 


1912 1913 1914 
Oats Barley Barley 


Dressed. Total | Total | Dressed; Total | Total Dressed Total | Total 
grain | straw produce| grain | straw | produce grain — straw | produce 
bush. 1b. lb bush. | lb. | lb. bush. lb, lb, 

After: 
Lucerne (seven years) 50°94 3303 5153 | 55°17 | 2955 6218 | 32°97 | 1960 3853 
Red clover (three years 


continuously). 37°18 | 2628 3917 | 38°51 2106 4339 | 20°26 1187 2347 
Alsike clover (three 4 
years continuously) 29°13 | 2147 3105 | 35°05 | 2006 4037 | 21°94 | 1266 2522 


This arrangement of four leguminous strips cropped to lucerne, red 
clover, alsike, and vetches persisted until 1912. In 1912 oats were sown 
without manure on the lucerne, red clover, and alsike strips, and in 1913 
and 1914 barley was sown on the same plots without manure. ‘The 
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resulting yields are given in Table 3, from which the superior residual 
effect of lucerne over both red clover and alsike is evident. Weeds had, 
however, been a difficulty and it is recorded that in 1911 the strip 
nominally devoted to alsike was largely occupied by Phleum pratense. 

A fallow over the whole three strips was taken in 1915. ‘The records 
for 1916 are incomplete; no experimental results are available so it may 
be presumed that if a crop was taken, it was harvested as one lot. Manures 
were applied in 1916 at the rate of 1} cwt. sulphate of ammonia per acre 
over the whole strip; and in addition a dressing of 3 cwt. superphosphate 
per acre over the eastern two-thirds. 

Early in 1916 a division running north and south was made across the 
strips so that they were divided into a western third and an eastern two- 
thirds; otherwise, the three strips maintained the boundaries of 1904-5. 
Since 1897 they had had no added manure beyond that arising from the 
residues of the crops; it was only in the spring of 1916 that a beginning 
was made in applying artificial manures. 

To the two divisions of each strip, manures were applied annually 
from 1916—22 inclusive at the following rates per acre, the division paths 
receiving no manure: 


Western third Eastern two-thirds 
1} cwt. sulphate of ammonia (actu- 1} cwt. sulphate of ammonia and 
ally 31} lb.). 3 cwt. superphosphate (actually 


62} and 120} lb. respectively, 
but in 1921 and 1922, 125 lb. of 
superphosphate). 


TaBLe 4. Hoos Field Leguminous Strips, Western Third 


Barley: Yields per acre after three leguminous crops (grown 1905-11), the becley 
being manured annually at the rate of 168 lb. of sulphate of ammonia per acre. 


1917 1918 1919 1920 1921 1922 
Dressed Total Dressed Total Dressed Total Dressed Total Dressed Total Dressed| Total 
grain pro- grain’ pro- | grain pro- grain. pro- grain | pro- grain | pro- 
duce duce duce duce duce duce 
bush. lb. bush. lb. bush. lb. bush. lb. bush. lb. bush. | lb. 
After: | 
Lucerne 28°21 | 3777. 20°12) 2340 | 15°78 1790 «27°31 | 3837 «14°84 | 2109 | 4133 
Red clover. 2180 2899 19739 2171 12°47 1493 16°31 2719) 12°12 1750 25°16 | 3434 
Alsike clover . 22°38 | 3246 «17°52 1930 | 10°64 | 1375 | 15°46 2657 | 11°00 | 1646 25°93 | 3375 


Field notes 1920-2: The Western thirds very foul with corn thistle, &c. 


TABLE 5. Hoos Field Leguminous Strips: Eastern Two-thirds 


Barley: Yields per acre after three leguminous crops (grown 1901-11), the barley being 
manured annually at the rate of 168 lb. of sulphate of ammonia and 336 Ib. of super- 
phosphate per acre. 


1917 1918 1919 1920 | 1921 | 1922 
Dressed Total Dressed Total Dressed) Total Dressed Total | Dressed Total | Dressed Total 
grain pro- grain pro- | grain pro- grain pro- | grain’ pro- | grain | pro- 

duce duce duce duce duce | duce 


bush. lb. bush. lb. bush. 1b. bush. 1b. bush. 1b. bush. 1b. 
After: 


Lucerne : 32°78 27-40 «2778 18-44 | 1939 «46°34 «647909 | 3784 4334.) 41°16 | 4786 
Red clover. 25°69 3023 22°85 2283 | 16:07 | 1651 33°51 | 3630 | 31°12 | 3683 | 35°44 | 39046 
Alsike clover . 27°14 3246 21°44 2185 | 15°42 | 1621 | 37°96 | 4116 | 28-73 | 3502 | 33°50 | 3684 
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Barley was sown annually with these manurings until 1922, when the 
experiment terminated. The crops were maintained distinct and the 
yields are shown in Tables 4 and 5. Graphs of the yields are given in 
Figs. 4 and 5. It will be noted that the enhanced fertility conferred by 
lucerne growing between 1904, when the legumes were sown down in 
oats, and 1g11, could be easily traced until 1922. Applications of arti- 
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Fic. 4. Hoos Field leguminous strips: Western third. Barley 
yields in bushels per acre. 


Barley: bushels per acre 
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Fic. 5. Hoos Field leguminous strips: Eastern two-thirds. 
Barley yields in bushels per acre. 


ficial manures in 1916-18 and the taking of three crops of barley in those 
years gu rnp to ordinary farming practice, and, although the 
taking of six successive crops of barley with manuring is not usual 
practice, it is noteworthy that the markedly beneficial effect of lucerne 
was not obscured by the artificials. To realize the residual benefits of a 
crop of lucerne, it is not essential to withhold artificials. Hence there 
seems to be no doubt that the valuable residual effect of a crop of lucerne 
can be fully utilized by a farmer following his usual routine. On the 
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other hand, with wheat as the first crop after breaking up a lucerne stand, 
there is a danger of the crop becoming laid even when no manure is 
given. 

Discussion.—This long-continued experiment, begun under the aegis 
of Sir John Lawes and continued by two successive Directors of Rotham- 
sted Experimental Station, has supplied information such as does not 
appear to have been obtained anywhere else in the world. A few experi- 
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Fic. 6. Excess in bushels, in yields of grain after lucerne compared with 
yields after clover. (‘Clover’ yield subtracted from ‘lucerne’ yield.) 


ments on the residual value of legumes have been made in the United 
States and elsewhere [3, 4]. 

There are also statements [5] made from the standpoint of a practical 
farmer; whilst such statements are interesting, their lack of quantitative- 
ness has diminished their value from a teaching standpoint. 

The experiment here discussed falls into three periods: 


1899-1903. Five successive crops of wheat without manure after each 
of seven leguminous plants, 1878-97. 

1912-1914. One crop of oats and two of barley, without manure, after 
each of three common leguminous plants, 1905-11. 

1917-1922. Six successive crops of barley each with two treatments 
with artificial fertilizers after the same leguminous plants, 
which had not been grown since 1911. 


The graph Fig. 6 shows the differences in bushels (of wheat, oats, or 
barley for all the years 1899-1922 in which the yield of a white straw 
crop was recorded) between the yields of those plots which had borne 
lucerne and those that had borne red clover. Alsike is omitted from the 
comparison, but the yields of grain from the former alsike plots were in 
most cases lower than the ‘red clover’ yields. 
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The effects of season are marked and interesting. At no time, with 
the single exception of 1899, does the yield of grain after lucerne fall 
below the yield after any other of the six leguminous plants with which 
comparisons were made. This statement can be verified for the later 
years by a glance at the graphs, and it holds true also of the years 1899- 
1903. Red clover was usually, but not always, superior to alsike from 
the point of view of residual value. The superiority of those yields of 
grain obtained on the lucerne plot after 1904 might be accounted for by 
a superior fertility of the land formerly devoted to Series III, but it should 
be remembered that the records of grain yields obtained from 1899 to 
1903 were obtained from six plots scattered over Series II and III. ‘The 
experiments discussed thus take into account, at least in part, the in- 
fluence of space, though not in the thorough manner which would satisfy 
a modern statistician. 

To suggest, therefore, that the results are vitiated by a fertility gradient 
would seem to be invoking a very improbable set of coincidences. ‘The 
low yields in 1899 after lucerne were, as the field notes show, due to an 
excessive luxuriance leading to laid crops. Subsequently, the superior 
residual value was quite definitely advantageous from the point of view 
of yield, and this advantage was maintained throughout in varying 
situations, years, and states of weediness. ‘The advantage of the crop of 
lucerne of a preceding decade was reflected by a superiority in grain 
yields even with two manurial treatments involving the application of 
nitrogen. 

The conclusion thus reached is in harmony with the few recorded 
results of other countries [3, 4, 5]. At, Rothamsted 1 cwt. of sulphate 
of ammonia is required to produce a 5°5,cwt. increase of barley, so that 
the value of lucerne residues in 1913, after a crop of oats had been taken 
in 1912, can be estimated at about 3 cwt. of sulphate of ammonia. 
Hotter, Hermann, and Stumpf [4] estimated that a crop of lucerne in 
Austria was equivalent to a normal dressing of sodium nitrate applied 
to each of the two crops following it. Ten Eyck [5] records a Kansas 
farmer’s experience of seeing the results on wheat of a crop of lucerne 
ploughed up fourteen years previously, whilst Mr. B. Weston, the present 
Field Superintendent at Rothamsted, asserts that the site of the lucerne 
strip of 1905-11 could be discerned distinctly in 1931 and faintly in 
1932 amongst the crops of Rotation I. 

It is noteworthy that at Rothamsted the lucerne on these experimental 
plots was grown without inoculation. In view of the higher protein- 
content of inoculated lucerne compared with uninoculated it seems 
probable that if the experiment were to be repeated with the knowledge 
now available, even more striking results would be obtained. 

Summary and Abstract—The results of cropping experiments lasting 
from 1899 to 1922 showed that the effect of preceding crops of legumes 
could be traced by increased yields of grain for several years after legumes 
had ceased to be grown. The residual value of lucerne was markedly 
superior to that of red clover and of six other legumes. 
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As there was no control plot specifically allocated to the Rothamsted experiments 
on the manuring value of legume-crop residuals, results from some of the most 
comparable plots on fields close to the Hoos Field leguminous strips have been 
selected to form the tables below. Full comparison would be laborious, but the 


manurial value of a previous crop of lucerne is apparent even though its precise - 


evaluation is difficult. 


6. Wheat: Yields in bushels per 


|  Broadbalk: full 


Hoos legumes: Broadbalk: minerals after | Hoos Field: after 

after lucerne unmanured 412 1b. S/A fallow alternate 

Year without manure since 1839 in previous year — years since 1875 
1899. 39°2 12°0 13°8 15°7 
. 27°0 11°8 17°8 14°7 
1902. 13°3 20°2 22°4 
1903. ‘ 20°0 59 14°0 
Mean . P 26°5 13°9 | 15°7 


TaB_e 7. Barley: Yields in bushels per acre (Hoos Field) 


After 
After lucerne 
lucerne E. two- 
Year W. third 1-A 1-AA thirds 2-A 2-AA 
Manures S/A 168 206 206* 168 206 206* 
perannum super ° ° ° 336 392 392 
1916 ? 348 ? 44°7 47°4 
1917 28-2 11°7 14°6 32°8 14°0 22°9 
1918 20°! 25'1 26°7 27°4 41°4 46°74 
1919 15°8 16°1 30°1 
1920 27°3 17°3 20°2 46°3 22°8 37°3 
192! 14°8 79 27°1 a3°7 
1922 27°2 13°5 I4'l 41-2 20°4 30°6 
Mean 1917-22 22'2 14°8 16°6 34°0 24'0 33°5 


* An equivalent 275 lb. of nitrate of soda. 
S/A = Sulphate of ammonia; super. = superphosphate. 
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METHODS AND SCOPE OF SOIL SURVEYS 
IN WESTERN CANADA 


A. H. JOEL 
(Professor of Soils, University of Saskatchewan, Canada) 


WItH PLATEs 2 AND 3 


‘THERE is little doubt that interest in soil surveys has been increasing of 
late in many countries and that it has been attended by improvements 
in the methods used in these projects and a widening of the field of ap- 
plication of this work. ‘The soil survey has passed well beyond the 
experimental stage, and during the past decade rapid improvement has 
been made as the result of a number of stimuli, one of the most im- 
portant of which has undoubtedly been the attention given to this field 
of soil science by various scientific organizations. ‘The attention given by 
the International Society of Soil Science to soil classification and by the 
American Soil Survey Association to innumerable phases of soil surveys 
are two examples of such interest. 

So well are soil surveys justifying themselves that the writer is con- 
vinced that countries in which agriculture is a major industry can 
hardly afford to delay making a beginning in such work. Minimizing 
guess-work in soil considerations is a fundamental prerequisite to the 
carrying out of any sound national policy as regards agriculture, and 
this can be accomplished only by means of a soil survey and the necessary 
investigations based on its findings. 

Soil surveys in western Canada may merit a claim to general interest 
in the Empire on several grounds. In the first place, they have been 
conducted over a large area and in a region having zones apparently very 
similar to those of Russia. In the second place, the western Canadian 
conception of soil surveys offers something original in that it embodies 
what the Canadian workers considered to be the best features of the 
American soil surveys and of the Russian school of genetical soil classifi- 
cation. Another reason is that the soil workers of the prairie provinces 
of Canada have worked quite independently and with a free hand in a 
new field, and have consequently followed methods and produced results 
differing somewhat from those of soil surveys in other parts of the world. 

Comparatively few people realize the extent to which soil surveys have 
been conducted in western Canada. At least 130,000 square miles of 
territory have been covered by reconnaissance and detailed surveys in 
the four western provinces of Manitoba, Saskatchewan, Alberta, and 
British Columbia. In addition approximately 125,000 square miles have 
been covered by broad-scale preliminary or exploratory surveys. Most 
of the work has been done during the past decade. The scale of operations 
has ranged from exceptionally detailed surveys of fruit lands in British 
Columbia to broad preliminary surveys of large areas in Alberta. Surveys 
of limited areas in Manitoba have been about intermediate in scale, 
closely approaching the standard type of soil survey conducted in the 
United States, but probably with a greater attention to and a greater 
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34 
pn of the genetical standpoint of soil classification. Most of 
the area surveyed in western Canada has, of course, been covered by the 
reconnaissance type of survey. ; 
The directors of the soil surveys in the various western Canadian 
provinces are as follows: Dr. F. A. Wyatt, Universit of Alberta, 
Edmonton, Alberta; Prof. J. H. Ellis, University of Manitoba, Winnipeg, 
Manitoba; Mr. C. C. Kelley, Kelowna, British Columbia, and Prof. A. H. 
Joel, University of Saskatchewan, Saskatoon, Canada. ; 
As the writer has had direct contact with the soil-survey work in 
Saskatchewan almost from the time of its inception, most of this article 
will be based on this particular project. In this province the surveys have 
been mostly of the reconnaissance and broad reconnaissance type, the aim 
having been to obtain, as rapidly as possible, a soil picture of the settled and 
developed part of the province in keeping with the prevailing extensive type 
of farming system in which grain production has been the major project. 
Aims of the Soil Surveys.—The general aims of the soil surveys in 
western Canada can probably be most clearly shown by discussing them 
in connexion with a brief history of the movement in this part of the 
Empire. Most of the surveys originated in the pressing need to solve 
some current agricultural problem, for the solution of which an under- 
standing of soil conditions was essential. The Saskatchewan soil survey, 
for example, is the direct outcome of a resolution adopted by the Royal 
Commission of Inquiry into Farming Conditions which convened in 
Saskatchewan in 1920. At that time the agriculture of the province, 
particularly in the semi-arid areas, was labouring under a number of 
natural handicaps, particularly drought and soil-drifting. ‘The Com- 
mission decided that a soil survey was the essential foundation for a 
rational programme of adjustment to these and other natural hazards of 
crop-production and to the formulating of a sound general agricultural 
policy. It was expected by those who passed the resolution calling for 
a soil survey that the project would at least accomplish the following: 
it would properly evaluate the soil as a factor involved in the various 
agricultural problems; it would minimize guess-work in dealing with a 
particular district by providing a soil picture of that district; it would 
discourage or prevent the cultivation of inferior land; it would make 
possible the adaptation of crops and cropping systems to particular soils; 
it would enable the government properly to place experimental stations 
and substations; it would constitute a basis for future soil investigations ; 
and it would supply necessary information to settlers and to district 
agricultural representatives. ‘The early soil surveys of Manitoba and 
Alberta were designed to meet similar problems, and were started about 
the same time as the soil survey of Saskatchewan, about twelve years 
ago. Reconnaissance rather than detailed surveys were adopted, in order 
to get a general picture of the soils in a comparatively short time and at 
a minimum of expense. In Saskatchewan, during the past few years, the 
scale has been changed to that of a broad reconnaissance and the work 
— up by using additional soil-survey parties, with the result that 
this province now has soil maps covering most of the settled and 
developed part of the province. 


tl 
a 
a 
| 
Ex | 
P 
al 
re 
ul 
ir 
in 
| i va 
| fa 
C: 
* ch 
| ist 
op 
be 
va 
th 
tal 
inc 
of 
of 
tio 
in 
Col 
of 
Cor 
| pre 
to ¢ 
of | 
onl 
| ! 
F 


METHODS AND SCOPE OF SOIL SURVEYS IN W. CANADA — 35 


Broad-scale projects recently conducted in Alberta, which were 
combinations of land classifications and preliminary soil surveys, were 
the direct outgrowth of a great need of sorting the lands of the unsettled 
areas, which were being thrown open to settlers. It was evident to the 
authorities that if proper steps were not taken quickly many would 
settle on worthless or very poor lands, as had been done in a number 
of pioneer areas in the past. There is little doubt that such a decision 
was well worth while. 

Recent soil surveys in Manitoba carried out in the Red River Valley 
were conducted for the purpose of throwing light on various agricultural 
problems associated with such factors as poor drainage and excessive 
salts. ‘These surveys were more detailed than those already discussed 
and have revealed that there is far less uniformity of soil in this area of 
smooth topography and supposedly uniform soil than has ever been 
recognized. 

An interesting soil-survey development of recent date has been that 
undertaken in the interior valleys of British Columbia. A number of 
pressing problems has arisen in connexion with fruit-growing under 
irrigation. A soil survey was considered to be an essential initial step 
in attacking these problems. In addition to the regular detailed work in 
various selected areas, intensive studies are being made on individual 
farms. 

As a general summary of the purposes of soil surveys in western 
Canada one might say that the accepted aims, at present, are to study the 
character of the soils, to classify them on the basis of observed character~ 
istics, to map the established types, and to ascertain the more important 
problems associated with them. 

Soil-survey Methods——Methods of procedure, particularly in field 
operations, inte varied ‘greatly according to the types of soil surveys 
being conducted and the particular problems involved. ‘They have also 
varied somewhat according to provinces. It should be appreciated in 
this connexion that there has been no central national department to 
take the lead in this work and that the provinces have therefore acted 
independently, except for a certain amount of co-operation on the part 
of neighbouring provinces. A step recently taken, which holds promise 
of much closer co-operation in soil work in Canada, was the organiza- 
tion of a Soils Group of the Canadian Society of Technical Agriculturists 
in 1931. Of particular interest to soil surveyors was the formation of a 
committee to promote a co-operative effort to produce a genetic soil map 
of Canada. A discussion of the initial plans of this committee has been 
published by Joel [1]. 

To discuss details of procedure of the various types of surveys 
conducted in western Canada is not within the scope of this paper. 
Moreover, first-hand information from the directors of these various 
projects would be far more valuable. The writer proposes therefore 
to confine most of his remarks to the methods followed in the soil surveys 
of Saskatchewan, and to discuss methods followed in the other provinces 
only in a very general way. 

The reconnaissance types of surveys made in Alberta and Saskatchewan 
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have been conducted along generally similar lines. ‘The survey parties 
travelled in motor-cars over both north-and-south and east-and-west 
roads, noting changes in soils and natural environment, and using town- 
ship plans and note-books for recording information. In the original 
land surveys of non-mountainous areas of western Canada the country 
was laid out in townships of 36 square miles (sections) each. Road 
allowances (strips of land reserved for roads) run due north and south 
and due east and west along the sides of the sections. This checkerboard 
system of sections and roads helps greatly in the systematic traversing 
of the country by soil-survey parties. Details of methods followed in the 
reconnaissance system of soil survey are discussed later. 

In the broad-scale preliminary soil surveys conducted in northern 
Alberta in connexion with the recent influx of settlers, different methods 
from those used in any other Canadian surveys were adopted. The 
territory is largely unorganized, i.e. it has very few roads and settlements. 
‘There are base lines 24 miles apart running east and west over much 
of the area, with land-survey monuments every 6 miles. Most of the 
country is wooded and has numerous scattered muskegs (peaty marshes). 
It requires little imagination to visualize the serious difficulties involved 
in a preliminary soil survey of such a region. Most of the traversing was 
done on horseback. Compasses and topographic sheets were used for 
purposes of location. ‘The usual scale of traversing was at 6-mile intervals. 
Over 120,000 square miles of territory has been covered by this type of 
survey. 

In the soil surveys of the irrigated interior valley of British Columbia 
unusually intensive methods have been used. These projects involved 
the digging of numerous pits, and the careful examination and study of 
numerous profiles with even closer and more careful traversing than 
that followed in the usual type of detailed surveys in the United States. 
Another interesting feature has been the various special researches carried 
on concurrently with the survey operations. In reality these projects are 
a co-ordination of various investigations, all aimed at the solution of 
certain pressing problems confronting growers on these lands. 

In Manitoba the scale and methods of most of the surveys have been 
intermediate between those used in Alberta and Saskatchewan on the one 
hand and British Columbia on the other. In the surveys of the Red 
River Valley, the methods of procedure were generally similar to those 
followed in the type of detailed survey usually conducted in the United 
States. An outstanding difference, however, was the greater attention 
given in Manitoba to soil genesis, both in field studies and in classifica- 
tion. The classification and formal approach to field studies, as suggested 
by Nikiforoff and urged for adoption in Canada by Ellis [2], form the 
background of field operations in these surveys. 

The nature of the agricultural problems involved required a more 
detailed survey than in the reconnaissance surveys conducted in Alberta 
and Saskatchewan in connexion with extensive grain-farming systems. 
Traversing was done both by car and on foot. On account of the smooth 

topography and degree of soil-variation, numerous pits were dug in 
making soil-profile observations, and in addition to the usual soil-survey 
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observations, particular attention was given to drainage conditions and to 
the content and nature of soluble salts. Prof. Ellis has reported a number 
of interesting and rather unexpected facts revealed by the laboratory 
investigations of soil profiles collected in connexion with this work. 

The methods followed in Saskatchewan have been frequently modified 
to harmonize with the demands of current agricultural problems, with 
changing views of soil classification and soil science in general, and 
with the conditions peculiar to the particular region under survey. 
Furthermore, improvements have been made from year to year as the 
result of lessons learned by experience during the various stages of the 
progress of the survey. 

The field work has been carried out by survey parties of two or three 
men, who travelled in motor-cars which would stand rough travel and 
offer least trouble in repairing. ‘The chief equipment consisted of a 
pick, shovel, trowel, soil-auger and extension, measuring tape, bottle of 
water for moistening soil samples for texture-determinations, bottle 
of dilute hydrochloric acid, colorimetric field pH outfit, sample sacks 
and tags, topographic sheets for base maps, enlarged township plans 
and note-books for field notations, and coloured pencils for soil-type 
designations. If a scarcity of villages necessitated sleeping out, camp- 
ing equipment was also carried. 

Having arrived in the selected area, the party would first traverse it 
on a very broad scale, the particular roads to be followed being deter- 
mined largely by the nature of the country. The chief purpose of this 
initial traverse was to become familiar with the important prevailing soil 
types, this being done by examining numerous profiles. Road and 
railway cuts were used as locations for exposing fresh profiles, when 
such cuts were suitably located; otherwise pits were utilized. Particular 
attention was given to morphological features such as colour, structure, 
and intrusions; to the number, arrangement, and depths of horizons: 
to surface texture; and to the presence or absence of appreciable amounts 
of carbonates as indicated by applying dilute acid. At the same time 
commonly occurring profiles were correlated with parent materials, 
native vegetation, topography, and other natural factors, in order to 
assist in rapid mapping with a reasonable degree of accuracy. 

After the completion of the initial broad traverse, the area was systema- 
tically mapped by traversing a sufficient number of roads to get the 
desired detail. It should be borne in mind that in most of Saskatchewan 
a very extensive farming system prevails, with wheat-production as the 

major project. Because of this, and in order to get an adequate soil 
picture of the whole settled area within a reasonable time and at a 
comparatively small cost, the reconnaissance and broad-reconnaissance 
surveys have been followed from the start. Consequently most of the 
traversing was done by motor-car, with extensive foot traverses only 
in exceptional cases. In the early years of the survey the general aim 
was to examine a part of each quarter section. Later, a somewhat broader 
scale of operations was adopted as a general plan and the intensity of 
mapping in a particular area was determined largely by the nature of the 
soils and the number of passable roads and trails. In general, the more 
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complex the soils and the greater their agricultural value, the more careful 
and more detailed was the survey. 

In the actual process of mapping, notations regarding profiles, parent 
materials, changes in soil type, results of sample examinations, native 
vegetation, topography, stoniness, outcrops, natural drainage, approxi- 
mate amount of land cultivated, &c., were noted on the township plan 
by the mapper. By using symbols for these and other important items, 
a great deal of information could be rapidly recorded for each road 
travelled. The mapper also kept a careful check on location by means 
of the car speedometer and reference to the topographic base maps. 
Canadian soil surveyors are very fortunate in having excellent topo- 
graphic sheets for the settled areas, which are supplied by the Depart- 
ment of the Interior of the Dominion. Soil boundaries were worked 
out by joining the points where similar changes were indicated. Un- 
certainties were investigated by special trips made for checking purposes, 
usually before the survey-party had left the area under consideration. 

The driver, besides being responsible for the care and operation of the 
car, assisted in the gathering of samples, the checking of surface-soil 
textures and in various other ways. In addition to the driver and mapper, 
a third man frequently accompanied the party. He shared with the 
mapper the work of making and recording the various observations, 
giving particular attention to matters requiring full notes, such as 
ae gros of profiles and agricultural development. 

Soil examinations were made at varying intervals, depending upon 
the nature of the country and the knowledge which the party already had 
of general soil conditions in the particular area being surveyed. The 
parties also observed the general rule of making examinations at any 
time when the surveyors were not unanimous in their opinion how to 
describe and classify the particular soil or soil-complex under immediate 
consideration. 

An arrangement adopted during the last three years of the survey was 
for one man, usually the director of the survey, to give much of his 
attention to studying soil profiles and to correlating them with parent 
materials, natural drainage, native vegetation, local topographic position, 
and other factors of soil development. He usually travelled alone, in a 
separate car, and gave full attention to such work and to the collecting 
of monoliths representing the more important soil types discovered and 
studied. ‘These monolithic specimens were found to be extremely valuable 
in various phases of office and laboratory work during the winter season. 
The collection of almost a hundred such specimens at the University of 

Saskatchewan forms the nucleus of a soil museum which, it is hoped, 
will be steadily enlarged in years to come. By a system of taking mono- 
liths which was worked out by the author, one man, unassisted, could 
take a four-foot well-mounted monolith in a half to a full hour’s time, 
provided, of course, that he had the usual advantage of a partial cut, such 
as may be found along most road grades. The roads are sufficiently 
numerous in the settled part of Saskatchewan to provide such cuts for 
the majority of soil types. 

By following this plan of one man giving most of his attention to 
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studying profiles and correlating them with soil-development factors, 
the regular survey-party of two men could give particular attention to 
such matters as soil texture and colour, parent materials, topography, 
natural drainage, evidence of prevalence of alkali, stoniness, agricultural 
development, native vegetation, &c. The director and the survey-parties 
worked in close co-operation. ‘This system permitted more rapid 
mapping, together with a more satisfactory classification, and also 
resulted in the obtaining of a much greater knowledge of the soils. 

As part of the soil-survey programme many hundreds of samples have 
been collected and the majority subjected to one or more laboratory tests. 
As a rule, samples were collected after the classification was formulated 
and the soil-type boundaries established. It should be noted that the 
classification was based primarily on the morphological character of soil 
profiles. It was felt that only by delaying the sampling until the classi- 
fication and mapping were completed could a sufficient number of truly 
representative samples for laboratory investigation be reduced to a 
practical minimum. 

Various types of samples were collected. A large number of surface 
samples was used for determinations which could be made rapidly and 
at comparatively little expense, such as total nitrogen, pH, effervescence 
with dilute acid, and moisture-equivalent. Profiles representing the 
more important types were collected for acid-extraction analysis by the 
method of van Bemmelen and Hissink [3]. These determinations, made 
by horizons, included insoluble residue, ignition loss, acid- and base- 
soluble silica, Al, Fe, ‘Ti, Ca, Mg, Mn, P, K, Na, and S, in addition to 
moisture at 105° C., organic and inorganic carbon, and the determinations 
mentioned above for surface samples. ‘The acid-extraction analyses were 
made chiefly for the purpose of throwing some light on soil-development 
processes and in working out the soil classification. Total analyses for 
K, P, and Ca were made on a limited number of samples. Many samples 
were also collected for special research studies, for use by students in 
the University laboratories and for a soil museum. 

An arrangement as to allotment of work, which has been used to 
advantage in Saskatchewan, has been to give most of the workers on the 
survey opportunities to engage in the various phases of the soil-survey 
project. ‘The majority of men have worked both in the field and in the 
laboratory and many have also taken an active part in the office work, 
particularly in preparing maps and assembling and interpreting data for 
the reports. The initiation of such an arrangement was the result chiefly 
of a comparatively small personnel and of the prevailing climatic situa- 
tion. The field season is comparatively short because of the long, cold 
Winters; consequently the fieldmen engage in laboratory, office, or 
lecture work during the winter season. On the whole the system seemed 
to have marked advantages over a system of strict specialization of 
workers. The breadth of interest and knowledge resulting from this 
activity in the various phases of the project resulted in a co-ordination 
of field, laboratory, and office work, which could not otherwise have 
been obtained. Having an appreciation of the difficulties and problems 
arising in each division of the project, much could be done by the various 
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workers in the interests of accuracy, speed, and general efficiency. The 
value of such wide experience of individual workers is also reflected in 
the character of the lectures given to students of soils at the provincial 
university; both lecturers there have engaged in all phases of the soil 
survey of the province, and consequently have an intimate and practical 
knowledge of the soils and of the principal agricultural problems of 
Saskatchewan. 

Soil Classification and the more Important Soil Groups.—The systems 
of classification in use vary somewhat in each province, as one would 
expect where provincial surveys are conducted independently of any 
central national department. However, as the result of efforts on the 
part of neighbouring provinces to co-ordinate their soil surveys, the 
differences in classification are not great, at least in principle. In most 
of the provinces the genetical aspect is stressed, particularly with 
reference to soil zones and parent materials, and considerable importance 
is attached to a separation based on the texture of surface soils. 

The Saskatchewan system may be considered as the series and type 
system used in the United States, combined with a parallel genetical 
interpretation. Series groups are established on the basis of soil profiles 
and their relation to particular combinations of natural factors respon- 
sible for their development. The soil types are established by subdividing 
the series groups on the basis of differences in the texture of surface 
soils. In the genetic classification the soils are grouped directly as to 
mode of origin and placed into recognized genetic soil groups of the 
world, except where satisfactory correlations have not been made. 

The Alberta system is the same in principle as the Saskatchewan, but 
the soil types are designated by numbers rather than by series-type 
names. In the earlier surveys, as in the early surveys in Saskatchewea, 
the soils were classified on the basis of surface-soil texture, at least in the 

ublications. 

The Manitoba system is also the same in principle as that of Saskatche- 
wan. It differs, however, in combining the series-type system of desig- 
nating soils with the Nikiforoff scheme of field classification. ‘This 
scheme is essentially a formal, genetic approach to field observations 
and classification. ‘he plan has been described by Ellis [2] and recom- 
mended by him to other soil workers in Canada as a means of co- 
ordinating the field work of soil surveys in this Dominion. 

The soil surveys in British Columbia have been conducted for only a 
comparatively short time and very little information regarding them has 
yet been published. The writer, therefore, does not feel competent to 
discuss the classification used in that province, even in a general way. 

Regardless of differences in the systems of soil classification which 
have been used in the various western Canadian provinces, the majority 
of systems may be adapted to both practical and technical use. 

For details regarding the various soil groups and soil types which have 
been recognized and established, and for details regarding the actual 
findings of the various soil surveys, the reader is again referred to the 
directors of the soil surveys in the various provinces. Only a few general 
observations can be made in this paper. 
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Most of the soils of western Canada, particularly those of the prairie 
provinces, occur as well-defined zones corresponding in general to zones 
of natural environment. ‘To date, the following zones have been estab- 
lished: semi-arid plains, brown-soil zone; sub-humid, dark brown 
(chestnut) soil zone; sub-humid park,? dark soil zone (mostly chernozem 
soils); sub-humid, wooded, podzolic soil zone; and a tundra zone. In 
addition a number of zonal transition belts have been mapped. ‘The 
following genetical types have also been recognized: solonetz, solonetz- 
like soils, solodi, solonchaks, several types of chernozem and degraded 
chernozem, podzol-like soils, podzols, rendzinas and rendzina-like soils, 
meadow soils, acid and saline peats. 

The soil surveys of western Canada have revealed that there is a 
marked influence of parent materials, as well as of climate and native 
vegetation, on the nature of soil development, and therefore on the 
character of soil profiles. In Saskatchewan, at least, the majority of soils 
show the distinct influence of the particular parent materials from which 
they have been derived; in fact, there are several instances of endodyna- 
momorphic soils (Glinka), particularly in the heavy soils classified in the 
Sceptre and Regina Series. These soils have been derived from Pierre 
shales and lacustrine deposits. 

Another fact that has been revealed by the surveys is the prevalence 
and importance of soil-complexes. By the term complex the writer 
understands the great heterogeneity of soils within comparatively small 
areas. Even though some of the most extensive areas of uniform 
soil of the North American continent occur in western Canada, soil- 
complexes occur in great variety and frequently cover large areas. One 
commonly occurring type of complex includes solonetz, solodi, solonetz- 
like soil and solonchak; another includes chernozem, podzolic and 
degraded types and solonchak. 

Applications of the Soil Surveys.—The general aims of the soil surveys 
in western Canada have been mentioned or indicated in previous para- 
graphs. Inthe remainder of the paper a brief outline will be given of actual 
applications already made of information gathered by the Saskatchewan 
soil survey and of proposed applications to be made in the near future. 

A few years ago the provincial government found it desirable to assist 

settlers in moving from poor lands in semi-arid Saskatchewan to suitable 
lands in other parts of the province. The soil survey enabled the author- 
ities to judge applications for transfer with a degree of justice which would 
otherwise have been impossible. 
__ As part of a relief programme recently put into effect in Saskatchewan, 
it was found necessary to provide many farmers with seed grain, because 
crops had failed in many areas as the result of unprecedented drought 
and soil-drifting. Seeding rates vary considerably for different soil types. 
Thanks to the rapid progress of the soil survey in recent years, a soil 
map was supplied to the members of the relief commission which 
assisted them in making an economical distribution of the seed grain. 

' This may be considered a transition of the plains and park soil zones. 


> ‘The term ‘park’, in western Canada, refers to a native vegetation of grassland with 
scattered clumps of poplars and willows, usually occurring in or near depressions. 
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The information gathered by the soil surveys has been of incalculable 
value to the Soils Departments of the provincial universities in advising 
farmers regarding peculiar soil problems encountered on their farms. 
Soil samples with accompanying letters are being received constantly. 
The greater knowledge of local conditions resulting from the soil surveys 
enables these departments to give the farmers far better advice than was 
previously possible. 

A few years ago probably one of the most extensive and most original 
of fertilizer projects was conducted in the prairie provinces of Canada. 
It was a co-operative scheme entered into by the Provincial and Dominion 
Departments of Agriculture, the universities, and a number of com- 
mercial concerns which were interested in the production, transportation, 
and application of fertilizers. Hundreds of tests were made with fer- 
tilizers, particularly superphosphate, valuable and rather striking results 
being obtained. The information of the soil surveys enabled those plan- 
ning and managing the experiments to locate the test fields according to 
definite soil types. In fact, men in charge of the surveys played an 
important part in the planning of the projects. 

The present period of economic stress has brought to the fore the need 
of certain economic adjustments, e.g. the elimination of marginal lands 
from cultivation, the establishment of a sound public-land policy suited 
to changed conditions, debt-adjustment, reassessment for taxes, &c. 
There is little doubt that the soil-survey maps and reports and the advice 
of the surveyors themselves will be of material assistance in these matters. 
It is also evident that the information will assist greatly in the settlement 
of pioneer northern areas, in highway construction, in the locating of 
experimental farms and in other undertakings. 

Ever since the publication of the first soil-survey reports, lean 
companies, banks, and other financial concerns have been enthusiastic 
supporters of the soil-survey projects. In fact, so keen have these 
institutions been that they have several times invited soil-research men 
to lead field trips out into the province in order to assist land inspectors 
in making the best use of the soil-survey information. These people have 
constantly given considerable moral support to the soil-survey movement. 

If one takes the view that a soil survey represents a study of soil 
problems, and that it also supplies a rational and practical soil classifica- 
tion and soil map, it takes little vision to appreciate the manifold 
possibilities of useful application that will repay many times the com- 
paratively small cost per acre of such work. 
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Scene on a typical ‘extensive’ farm in Saskatchewan. The 
reconnaissance scale of soil survey is used on such farms 


Sage brush on sceptre clay in semi-arid Saskatchewan 


A typical wooded area in north Saskatchewan: where 
podzolic soils and peats predominate 


Soil-drifting is a constant threat to agriculture on many 
types of soil in west Canada 
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GRASSLAND MANAGEMENT AND ITS INFLUENCE ON 
THE SWARD 


Pt. 1. FACTORS INFLUENCING THE GROWTH OF PASTURE PLANTS 


MARTIN G. JONES 


(U.C.I. Agricultural Research Station, Jealott’s Hill, Berks.) 
WITH PLATES 4, 5 AND 6 


I. Introduction 


A GRAZIER of experience can usually form a very good opinion of any 
permanent grazing land from an examination of the sward. This method 
of evaluating pastures so classifies the various swards that for each class 
of sward there is a rather definite class of herbage always predominating. 
The practical grazier therefore enlisted the help of the botanist to 
identify the species of plants which characterized each grade of pasture. 
This grading eventually became so fixed in the grazier’s mind that he 
always looked for his favourite species when inspecting any new ground. 

It occurred to the botanist that where the species were far below the 
standard of the best pastures, it would be a good method of improvement 
to plough up such a poor sward and start from the very beginning with 
what was considered the optimum seeds-mixture, thinking that if the 
delicate balance between the various species of plants found in the good 
permanent sward were maintained in the mixture sown, then the sown 
pasture would stand a good chance of becoming similarly good. 

It was realized, however, that the finely balanced seeds-mixture rarely 
ele yate the same fine balance in the ultimate sward, and that the new 

ind of sward lasted only a few years, and therefore had to be ploughed 
up and re-sown fairly Rosi before any high standard of pasture 
could be maintained—a system of short leys. At this stage a search was 
made among the then available species for the most productive during 
the three or four years’ life of such short leys, and several were found to 
excel in this respect, although they were not commonly found in perma- 
nent pastures. 

This led to two schools of thought, the one considering that, as ‘nature 
never cheated’, the best species would be found under natural conditions; 
and the other taking the directly opposite view, as expressed by 
Carruthers in 1890, that the best plants from the farmer’s point of view 
were those which gave least attention to their own life cycle, thereby 
being able to produce a greater amount of nutritive matter for the 
animal. He thus argued that the successful farmer was he who was able 
to fight nature most satisfactorily. This school maintained that no land 
was producing its maximum if carrying merely what nature had selected. 

The stress of economic conditions, however, soon ruled out the possi- 
bility of frequent re-seeding, and as the earlier idea of sowing the seeds 
in the proportions found in the adjoining pastures had been found 
fruitless—the resulting sward when established being very different 
from and usually much inferior to the original permanent pasture—the 


t 
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plan was modified by including a wide range of seeds in the mixture, 
which thus became very complicated, and then allowing nature to select 
those most suitable for the conditions. 

More recently still there has been a further study of plants on the 
lines of animal husbandry, i.e. the selection of strains within species 
and the breeding from such strains with a desired object in view, which 
for permanent pasture work put the greatest stress on persistency. 
Fortunately, from the plant breeder’s point of view, his two main objec- 
tives, persistency and nutritive value, which depends on leafiness, have 
generally been found to go hand in hand. 

Present position.—The present position, generally, is that when laying 
down a permanent pasture the three main factors for success, in their 
order of merit, are: 


1. The use of persistent species and strains in the seeds-mixture. 
2. Clean land with a friable tilth. 
3. A good supply of plant food. 


The subsequent treatment of a pasture after laying it down has usually | 


been dictated by the general economy of the farm without due regard 
to its effect on the ultimate sward, and, indeed, so often has this resulted 
in these carefully selected seeds-mixtures giving disappointing results 
that the farmer, equally with his more learned adviser on such matters, 
in most cases has come to deem it quite natural and inevitable that those 
swards should deteriorate after a few years. In certain special areas, 
however, where the permanent sward is a good one, such as the Romney 
Marsh and some of the old pastures of high reputation in North Wales, 
which were studied by Alun Roberts {t], it came to be regarded as some- 
thing bound up with the soil, which can only come into play after a 


period of no less than twenty “pes and hence the old saying ‘to make — 


a pasture breaks a man’. With regard to land which can be ploughed 
up, the sward seems to be even more bound up with the soil, as one 
experienced author [2] wrote forty years ago in close agreement with 
the present general belief: 


Practical experience and observation tell us that some species of plants are 
capable of accommodating themselves to a greater variety of soils and situations 
than others, although, at the same time, there seems to be a close and intimate law 
of connexion between plants and the particular class of soil and situation in which 
they prefer to grow and attain their best and highest form of development. 


At this juncture, therefore, we may ask ourselves: Can pastures be 
changed? If so, how? ‘To what extent? How quickly? 

The evidence to be brought forward gives an emphatically affirmative 
answer to the first question, and it answers the second by pointing to 
some of the governing factors, and showing their enormous influence 
during a very short period of time. 

Indeed, the author’s investigations show very clearly that the above 
generalizations relative to the influence of soil are in the main quite 
wrong. Although edaphic factors play their part in regard to the 
botanical composition and nutritive value of a pasture, actually they are 
of only secondary importance, and quite subservient to the biotic 
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factor, i.e. the way the management of the grazing is carried out by man. 
It is possible, under a wide range of soil and climatic conditions, to con- 
trol and determine the botanical composition of the sward according to 
the way it is grazed. 

Before considering the sum total of the changes brought about in the 
pastures, it will be well to consider some of the evidence as to how these 
factors come into play. As the problem is essentially scientific in the 
first instance—to elucidate the factors governing the botanical nature 
of the sward—the economic aspects have as yet been relegated to a 
secondary position, but it is quite clear that an adequate understanding 
of these factors will ultimately be reflected in improved economic results. 

Outline of Investigation.—1. Individual species were studied, under 
conditions comparatively free from competition, with regard to their 
reaction to various methods of treatment and to their inherent-differences 
of time and rapidity of growth. For this purpose pure species of typical 
pasture plants were sown under field conditions, and these were sub- 
jected to various intensities of grazing or cutting at different times of 
the year, both with and without manuring. 

2. The same species were sown as a mixture to see how they would 
interact when the mixture was subjected to the corresponding treatments 
ot defoliation and manuring. 

3. The information so obtained was used to bring about, on various 
contrasting types of sward, botanical changes in certain pre-arranged 
directions, either clovery, grassy or weedy; and further to separate out 
the grasses, making rye-grass dominate over cocksfoot by one method of 
management and cocksfoot dominate over rye-grass by another. ‘The 
clovers were also dealt with to a lesser extent, the late-flowering Mont- 
gomery red clover being encouraged to persist into the third year at the 
expense of the wild white clover under one management of grazing, 
whilst the wild white clover was encouraged at the expense of the red 
clover under another management. 

4. The application of such methods of management was then extended 
to old.permanent pasture and to self-seeded ‘tumble-down’ pasture. 

‘The present paper deals with the work referred to in paragraphs 1 and 
2 above; the remainder of the work will form the subject of further 
papers in this series. 


II. Influence of Defoliation on the Plant and its Root System 

The prevalent idea of late has been that all grass should be eaten 
during the very short stage, so that the best management for a pasture 
plant is to keep it well under the whole time: the shorter it is kept the 
better, as new growth will continually replace that removed. 

Recent work has shown that this practice can be overdone, and cause 
harm to the plant. The yields of nutritive matter taken over a whole 
season have been shown to be reduced by too frequent cutting. 

Stapledon [3] and Fagan [4] of Aberystwyth showed this to be the 
case, and later, many data on the subject have been collected in different 
parts of the world, e.g. at Cambridge by Woodman [6] and in the dry 
climate of Australia by Davies [7]. ‘The preliminary investigations on 
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sown drills conducted by Stapledon and his co-workers at Aberystwyth 
had shown, moreover, that the effect of over-cutting does not end in 
the season of treatment. It is carried forward into the next season in 
which the first growth in the spring is particularly influenced, and this 


was also shown to be the case by preliminary sward trials conducted by | 


Jones and Jones [5]. 

The experiments here to be described deal wholly with the influences 
of over-grazing and over-cutting under normal sward conditions, and 
these ‘lemme will be seen to be very pronounced. ‘The mechanism 
by which these influences are brought about, which had previously 
received but little consideration, are also brought under study. The 
importance of the root and leaf-base, which serve as storage organs for 
the building up and conservation of plant foods, will be as strongly 
emphasized. 

(a) Influence of cutting on the root system.—The influence of cutting 
on the root system was investigated by taking cores 4 in. in diameter 
to a depth of 6 in., soaking thoroughly and washing away the soil 


from the roots on fine canvas with a vigorous jet of water, and weigh- | 


ing in the fresh condition after freeing from extraneous water. The 


data given in ‘Table 1 refer in each case to the mean of, at least, five 7 


replicate borings. 
TABLE I 


The Influence of Intensity of Cutting or Grazing on Root-Development— 
Grammes of Roots per Boring 


Sward Lightly grazed Heavily grazed 
Seeds-mixture (3rd harvest year) . 28-92+-1°70* (cut) 19°46-+1°77 (cut) 
Very old permanent pasture. 58-13+4°20 39°60+- 1°66 
Perennial rye-grass (3rd harvest year) 32°98+. 1°35 26°68 -+- 1-65 
Cocksfoot (3rd harvest year) . 41°37+5°56 19°09 1°26 
Red clover (3rd harvest year) . 5°80+.0°62 3°06-+0°14 


* These probable errors were calculated from the individual values according to the 
usual formula: 


where >(x— X)* is the sum of the squares of the deviations from the mean and n is 
the number of variants. 


On the sward of a temporary seeds-ley in its third harvest year, | 


borings were taken off each of two adjoining plots where the botanical 
composition was — comparable, but one plot had been kept cut more 
often and more closely than the other. 


The closely cut sward gave 19-46 grammes of roots, whilst the other 


plot gave 28-92 grammes. ‘These borings were taken on the same day 
in September and show how the root system was reduced by increased 
cutting during the active growing season. 

To see how some of the species responded to varying degrees of graz- 
ing, samples of perennial rye-grass, cocksfoot, and red clover, respectively, 
were taken from areas where these species occurred practically pure, the 
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two plots in each case having been grazed, one fairly closely in the spring 
and summer and the other much less so. In each case there were con- 
siderably more roots under the light grazing, as shown in the Table, and 
although the amount of roots per core from the old permanent sward 
was very much higher than from the young ley, and the grasses in the 
young ley had much more root to the depth of sampling (6 in.) than the 
red clover, the contrast between the closely grazed and the leniently 
grazed holds equally for all the pasture plants whether studied under 
the favourable conditions of a young ley or the sod-bound conditions of 
an old permanent sward. 

(b) Influence of close cutting on the base of the plant—Under the two 
degrees of intensity of grazing, it was noticed that the leniently grazed 
cocksfoot plants exhibited a characteristic succulent white leaf-base, and. 
the corresponding white leaf-base of the closely-cut plants was very 
small. The mean of ten borings of the closely-cut area after clipping 
away all the green parts and the roots was 2-71 +028 grammes, whereas 
the corresponding mean for the leniently cut area was 18-08 41-81 
grammes. 

‘That this white leaf-base is a storage organ of reserve food for future 
use was shown when a portion of it, with neither leaf nor root, was 
placed in a glass jar and kept at room-temperature: there was an 
immediate bursting of young leaf, which within two days became green, 
and continued to grow for at least a fortnight, producing fully 4 in. of 
new leaf. The manner in which this new leaf was put forth and the 
rapidity of its growth during the first week, although there was neither 
root nor green leaf to feed it, resemble very much the nature and rapidity 
of the growth seen in the aftermath of a typical hay-field, as well as the 
first few days’ growth after close-grazing in a typical rotational scheme 
of monthly grazing. 

(c) Dormant season growth—‘winter bite’. Effect of summer and autumn 
grazing on winter bite-——The amount of fresh green leaf that may be 
available in mid-winter was well shown by the behaviour of cocksfoot 
plants in adjoining plots. ‘The plants in one plot having been lightly 
grazed throughout the previous summer (only just sufficient to prevent 
them from sending up flowering stalks) were rested almost completely 
from the end of July onwards, whilst the plants on the other plot were 
kept closely grazed throughout the season, but protected from stock 
from the beginning of November onwards. On February 3, typical 
plants were photographed in situ as shown in Plate 4. (In order to expose 
the fresh green foliage to the camera some of the withered foliage, 
including old leaves and the withered tips of the new growth, was 
combed out.) It will be seen that the capacity of the one set of plants 
to supply a succulent green bite at this Giticd time of the year was ten 
times as much as the other, and that although the bigger bulk might not 
be quite so highly nutritious as the smaller bulk, it would probably not be 
much inferior, as most of the leaves had been thrust up during the last 
two months to replace the old leaves as they ritened off. It is note- 
worthy that during the ten-day period before the photographs of these 
plants were taken, there had been a ground frost practically every night. 
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Effect of grazing in winter.—To ascertain the effect of cutting or grazing 
during the ‘dormant’ season, some cocksfoot plants were selected under 
field conditions for their uniformity; they had been protected from over- 
grazing during the previous summer and autumn, and were quite robust 
in January, exhibiting on the average as much as 4 in. of green leaf and 
a fairly dense growth. 

On January 29, one-half of the plants was carefully stripped of all the 
green parts, and the remaining plants were left undisturbed. By early 
March, frost had withered the leaf tips of the undisturbed plants, ‘tewk. 
only 33 in. of green leaf, but by the same time the stripped plants had 
replenished their foliage and had acquired 3 in. of green leaf, but of less 
density of growth than originally. ‘This 3 in.-growth of green leaf was 
produced during a period when the average mean temperature (average of 
means of daily maxima and minima) was under 36° F., and only on one day 
did this mean temperature exceed 42° F. (it was 43° F. on February 23), 
whilst the average ‘grass minimum temperature’ was about 26° F., as 
there had been ground frost almost every night. 

During the following fortnight there was no apparent growth in 
either set of plants, but when eventually at the latter end of March there 
was a reawakening to growth, the plants that had been left undisturbed 
made much more rapid progress than the defoliated plants. 

This shows that the shoe makes a distinct effort to maintain a certain 
ratio of green part to the rest of the plant, even though the temperature 
is much below the 42° F. requisite for normal growth. That growth, 
which may be called dormant season growth, is made, however, at the 
expense of the whole plant, as shown by the weaker normal growth of 
the period following. 

In a third set of plants, which were cut on the same day (January 29), 
but with a knife fairly close to the ground level, thus removing much 


of the white leaf-base, the fresh growth of green leaf was very much more | 


feeble, though the apical buds themselves had in most cases not been 
injured. 


The ratio of top to root is a characteristic which the plant tries to © 
maintain in spite of defoliation, and depends less on the plant-food | 


available in the soil than on the temperature and moisture conditions. 
During cold, frosty weather in winter this ratio would probably approxi- 


mate to 1: 10, but with warm weather in the spring it would increase | 


up to 3:1. 

Md) _ of previous year’s cutting on spring growth.—Any system 
of cutting or grazing has a decided influence on the yields of later cuts 
or ‘bites’ in the same season, but of still greater importance is its in- 
fluence on the yields in the following spring. 

On a sward! sown out in 1929, two adjoining plots were subjected to 


1932, as shown in Plate 5. 


Plot A was cut for hay in June with the ordinary mower, and the after- 7 
math was cut in the same way at the beginning of October. Plot B was 7 


' 'The seeds-mixture was : perennial rye-grass, 24 1b. per acre ; rough-stalked meadow 
grass, 6 lb. per acre; wild white clover, 2 lb. per acre. 
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49 
cut extra closely with a — seven times—at the beginning of each 


month from April to October. Thereafter both plots were rested until 
the following spring, and at the beginning of March both were dressed 
with Nitro-chalk at the rate of 2 cwt. per acre. At that date the growth 
on Plot A was already about 2 in. high, but that on Plot B was only 
o5 in. During the first fortnight in March the weather was very cold 
and neither of the plots made any appreciable growth. From the middle 
of March onwards the weather turned a little milder and the perennial 
rye-grass on Plot A started to grow vigorously, so that by April 11 it had 
about 7 in. of growth. During the same period, however, the B plot 
made very little headway so that by April 11 there was barely a 1-in. 
growth of grass and no increase in the wild clover, as seen in the ~ 
photograph. From the middle of April onwards, the grass on Plot 
grew actively, and by the end of May its bulk coincided with that on 
a portion of Plot A which had been cut closely with a mower in mid- 
April, thus removing its first month’s growth. The crop at the end of 
May on the undisturbed portion of Plot A was nevertheless very much 
heavier than that on Plot B. 

In the light of the experiments on the effect of cutting on the root 
system, the behaviour of the grass on Plot B would indicate that the 
severe Cutting in 1931 had so reduced the strength of the plant and its 
root system that it required the greater part of the first month’s growth 
to recuperate and regain to some extent its more normal dimensions 
before launching out on its sub-aerial part—the early bite. 


III. Characteristics of the Various Species 

(a) Times of starting ‘active growth in spring.—Although there are 
actually no limits of season to the capacity of a grass plant to put out 
a new leaf when required to maintain the requisite balance between 
shoot and root, various species and strains of grasses growing under 
natural grazing conditions exhibit a range in degree of earliness at which 
active growth commences; in other words, the shoot becomes equal to 
or exceeds the root at a lower temperature for the early species than for 
the later ones. Thus, if they are not to draw on their own reserve tissues, 
the early species require a supply of nap in a readily available 
form at a lower temperature than the later species. 

This was shown very clearly in an experiment (Expt. 1) in which pure 
cultures of perennial rye-grass, rough-stalked meadow grass, crested 
dogstail, wall wild white clover, respectively, were sown in four plots 
within the same enclosure, grazed all the summer to a moderate degree, 
and then rested all the winter. The rye-grass plot showed signs of active 
growth from the middle of March onwards; the rough-stalked meadow 


» grass about a month later; whilst the crested dogstail and wild white 
_ clover were a fortnight later still. In the same field, where perennial 
 tye-grass and cocksfoot had been sown together in admixture and were 
» grazed fairly closely during the previous year, the cocksfoot did not 


begin active growth until about a fortnight after the rye-grass. Where, 
however, the grazing had been comparatively light in the previous year, 


) the cocksfoot was altogether stronger than the rye-grass and, indeed, at 
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the middle of March showed the greatest amount of green foliage. Still, 
as seen previously, much of this green foliage was not due to the manu- 
facture of fresh tissue by the plant, but to the transference of material 
stored in root and base to the young green leef. 

The vegetative growth made by a grass plant may therefore be re- 
garded as of two distinct kinds: 


1. Active growth, in which there is an increase in size of both shoot 
and root. 

2. Transfer growth, in which there is no increase in the aggregate size 
of the plant but a mere increase in the leaf lamina at the expense 
of the root and leaf-base. This type of growth, though occurring 
at all times during the life-history of the plant, manifests itself 
most strikingly when the sub-aerial part is removed during the 
‘dormant season’, or when the main body of the shoot is removed 
suddenly, e.g. as a hay-crop. 


(b) Rates of growth of species at different times and competition amongst 
the components of a sward.—Species and strains of pasture plants show 
variation not only in the times at which active growth begins, but also 
in the rapidity with which such active growth continues. In the sward 
sown with a mixture containing cocksfoot as well as perennial rye-grass, 
it was seen that, although the cocksfoot after heavy grazing in the previous 

ear (both summer and winter) was later than the rye-grass in starting 
into active growth in spring, yet during the favourable weather in May 
it made more rapid headway than the rye-grass. Moreover, when once 
cocksfoot had surpassed the rye-grass, the ill effects of the cocksfoot on 
the rye-grass soon showed when compared with the same strain of rye- 
grass grown alongside but in a mixture from which cocksfoot and all 
other tall grasses were absent [8]. 


IV. The Behaviour of Four Typical Species when subjected to Four 
Methods of Management, with and without Manure (Expt. 1) 


The work so far described has dealt mainly with the influence of 
different methods of grazing or cutting on the growth, vigour, and 
productivity of individual species of herbage plants, and with the varia- 
tions in time and rate of growth of different species. 

The next step was to investigate the interaction of these factors with 
that of competition between the species, both when present together in 
a mixed seeds-ley, and when sown originally in ‘pure culture’ and then 
subjected to competition from the natural incursion of other species. 

An experiment was therefore laid down embracing a wide range of 
plant types commonly found in pastures. The types selected were: 


Perennial rye-grass—to represent ‘top grasses’. 
Rough-stalked meadow grass—a ‘bottom grass’ commonly found in 
rich land pastures. 
Crested dogstail—a ‘bottom grass’ commonly found on the poorer 
astures, which are used chiefly for sheep grazing. 
Wild white clover—the popular leguminous plant. 
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Seeds of each of these plants were sown as ‘pure species’ and also in 
admixture. 
By arranging the pure species (and also the mixture) in adjacent strips 


and running cross-fences, it was possible to subject each species to each 
of four methods of grazing, as follows: 


Paddock 1.—To be subjected to grazing at all times of the year, with 
rte intervals of rest as in rotational grazing—common on sheep 

arms. 

Paddock 2.—Similar to Plot 1 with the exception of a complete rest for 
the whole of the month of May—i.e. resting a field at the earliest 
opportunity after grazing became moderately plentiful. 

Paddock 3.—Grazing rotationally all the year with the exception of 
a complete rest for the spring months—February, March, and April; 
when on a farm carrying both cattle and sheep the cattle ‘bite’ at 
May 1 (turning-out time) would be provided for by closing up certain 
fields in this manner. 

Paddock 4.—Similar to Plot 3, but closed up from November 1 till Mayr, 
as done on many of the best cattle-feeding and dairying pastures. 

Each plot was divided in half, the one half receiving spring dressings 
of artificial manure—nitrogen with phosphate in 1931, and nitrogen 
only in 1932—whilst the other half received no manure. 

By this arrangement it was possible to study, for each species, the 
persistency, amount of growth at critical periods, and response to manur- 
ing, when sown alone, under each of the four methods of management, 
and also aggressiveness when in competition with the other constituents 
in the seeds-mixture. 

The seed was sown in the spring of 1929 under a barley-crop following 
a root-crop in the previous year. 

The seeds were of high germination and purity and were sown at the 
following rates: 


As pure species: 


Perennial rye-grass (Kentish Indigenous) . 40 lb. per acre 
Rough-stalked meadow grass 


30 ” ” 
Wild white clover (Kentish Indigenous) . 20 ,, 

In the mixture :* 

Perennial rye-grass (Kentish Indigenous) : 55 
Wild white clover (Kentish Indigenous) : 
Montgomery red clover : 5 » ” 


In spite of the dry summer of 1929 the ‘take’ was typical of each 
species, the rye-grass and the wild white clover being very rapid in initial 

' The seed-rates were purposely very heavy in order to establish a sward as quickly 
as possible and thus start off with a reasonably pure sward. 

2 'The mixture included Montgomery red clover in addition, but as the plots were 
kept fairly closely grazed throughout the first season (1930) that species was never 
allowed to grow high and check the wild white clover. By the second season it had 
fallen away very much, whilst by the third season there were merely traces of it present. 
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growth whilst on the meadow grass and dogstail plots, although present 
in fair numbers, the plants were not nearly so forward and productive 
in the first grazing season, during which no differential treatments were 
given in regard to grazing, nor was any manure applied. The differential 
grazing, therefore, began from November 1, 1930, and with the exception 
of one round of grazing each summer when cattle were used on all the 
paddocks alike, the whole of the grazing has been done with sheep. 

The chief feature of the experiment was the distinctly earlier start of 
rye-grass in the spring, followed nearly a month later by the rough- 
stalked meadow grass, and then in another fortnight by the crested 
dogstail and the wild white clover. In 1931 the rye-grass on Paddock 4 
showed signs of renewed activity at the middle of March, and by April 10 
the manured portion had quite 4 in. of growth on it, whilst the control 
area had about 2 in. The meadow grass did not show any signs of 
activity until the latter date, but in three weeks the manured area had 
a 4-in. ‘bite’, whilst the control area in this species again had little more 
than 2 in. The crested dogstail was very late in producing any erect 
growth and, indeed, soon afterwards it was shooting up its flowering 
stalks. Nevertheless, at that late date in the spring it did respond well 
to the manuring. 

The wild white clover was the last to move in the spring, and at no 
time did the ~ show any response to the manurial dressing apart from 
an occasional volunteer grass that was already appearing. 

The area sown with the mixture of seeds behaved in the spring in 
a manner exactly similar to that sown with rye-grass, and this species was 
by far the most dominant in it. 

By shortening the rest from six months (winter and spring) to three 
months (spring only), the main difference was that the rye-grass did aot 
start quite so vigorously, owing no doubt to the winter defoliation, as 
shown by Davies [8], where the earliest grasses were very susceptible to 
the weakening effect of delaying until February the ‘put up’ for hay, as 
compared with October. 

In the following year (1932) the species, together with their respec- 
tive manured and control halves, sone in a very similar manner. 

Such differences between the four species point very definitely to the 
need of having a population of plants of the right kind in the sward if an 
early growth is expected in the spring. Further, they show that manur- 
ing for spring ‘bite’, when applied to a late species, has the odds heavily 
against it for producing successful results at the expected early date. 

Botanical consideration on Expt. 1.—Al\though the various seeds 
germinated well and the strips came up fairly pure, they did not main- 
tain that state for long; a gradual change occurred in each plot and by 
the third year of grazing it had become quite marked, as shown in 
Table 2 where the data from the four paddocks have been averaged. 

The most striking feature is the rapidity with which wild white clover 
has developed in all the plots, even where none was sown, and despite 
the fact that there had been no crop containing this plant for at least 
twenty years. The grass that has allowed most clover to come in is the 

rough-stalked meadow grass with its low-growing form; this plot by 
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53 
TABLE 2 


Showing the Proportion of each Species present in Expt. 1—both with and 
without Manure—after three years from Seeding. ‘Percentage botanical 
composition’ ,* Fuly 1932 
# Manured section Unmanured section 

| | Wild Wild 

Perennial Crested | white Perennial Crested | white 

Plots sown with perennial 


rye-grasst . > 60°9 o's o3 61-2 o8 oo 35°7 
Plots sown with R.S.M.G.t+ 13'0 261 53°3 8-3 26°9 or 58°5 
Plots sown with crested 

dogstailf . 28 281 40°7 20 12°4 21°6 54°7 
Plots sown with wild 

white clovert. ‘ 29 o'r 5°4 or 
Average composition of 

the above plots sown | 

with pure species 19°9 71 | 508 19°2 13°97 5°4 55°0 
Composition of the plots 

sown with the corre- 

sponding seeds-mixture 43°6 41 50°0 29 51°5 


* The botanical analysis throughout was conducted on the ‘Estimated Productivity’ method. 

t These plots were sown down with pure species in the spring of 1929. 
the third year, even in the manured section, consisting of more wild 
white clover (53:3 per cent.) than of the sown grass itself (26-1 per cent.). 
The more erect-growing perennial rye-grass has held its ground most 
tenaciously against this invader, but even here the clover has ingressed 
to the extent of 35-5 per cent. of the herbage, the quantity of wild white 
clover being very little less after two years’ time, where none of it was 
sown, than where 2 lb. per acre was sown (see Plate 6). 

On the other hand, the wild white clover, though a successful colonizer, 
has not been able to keep the above two grasses—perennial rye-grass and 
rough-stalked meadow grass—out of its own plot, and particularly the 
latter, which in the third year contributed as much as 13 per cent. to 
the herbage. 

The interrelation of the three grass species among themselves differs 
from their relation with the leguminous plant—instead of mutual 
co-operation it has become competitive aggression. ‘The rye-grass has 
allowed hardly any invasion by the meadow grass and crested dogstail— 
later and more prostrate-growing plants—but itself has invaded the 
meadow-grass plot to an appreciable extent (13 per cent.) and the 
dogstail plot to 2-8 per cent. The meadow grass in turn has been 
aggressive towards the dogstail in the latter’s plot, and much more so 
than the rye-grass. 

The foregoing invasions occurred even where the various species were 
sown pure; but what of the aggression of the rye-grass—the earliest 
grass—when sown under the competitive conditions of the mixture'? 
It has so dominated the other grasses that its percentage is more than 
double the average of its percentages in the four corresponding pure- 
species plots (43°6 per cent.: 19-9 per cent.). 

In the competition in the mixed sowing, the wild white clover has 


' 'The seeding was adjusted so as to have approximately the same number of viable 
seeds of each of the four species. 
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been almost unaffected as compared with its average in the pure sowings; 
the meadow grass has suffered considerably, having only 4:1 per cent. 
in the mixture against an average of 14:8 per cent. for the pure-species 
lots. ‘The crested dogstail suffered most of all, having only 1-4 per cent. 
in the mixture against 7-1 per cent. average for the pure-species plots. 

Effect of manuring on botanical composition—The data in ‘Table 2 
show that the manuring did not alter appreciably the behaviour of the 
various species in relation to one another, either when sown alone or 
when sown as a mixture. The only differences of any magnitude were, 
that where the manuring was omitted on the pure-seeding dogstail plots, 
the dogstail itself made a weaker establishment, whilst the better grasses 
(rye-grass and meadow grass) also made slower invasion; and similarly on 
the pure-seeding meadow-grass plots, the rye-grass invaded more slowly 
where the manuring was omitted. 

Effect of methods of grazing on the various species. Rye-grass.—The 
beneficial effect of rest during the winter and early spring stands out in 
a striking manner both when this grass is sown alone and in admixture. 

The extent to which it occupied the sward in the third grazing season 
on the pure-seeding plots may be seen from the data in ‘Table 3, 
Section A. On the plots rested from early November until end of April, 
the rye-grass accounted for 74:2 per cent. of the herbage under pasture 


TABLE 3 
Showing the Effect of the Four Methods of Grazing in Expt. 1 on the 
Proportion of each Species present after three years from Seeding 


(Percentage Botanical Composition— Average of the Manured and Unmanured Plots, 
July 1932) 


Amount present of 


Perennial Crested Wild white 
Section Plots sown with Period of rest rye-grass R.S.M.G. dogstail clover 
A Pure rye-grass i. None 56-1 41:2 
ii. May 52:0 10 or 
iii. Feb.—Apr. 62-0 o2 o2 348 
iv. Nov.-Apr. 742 13 ol 
B Pure R.S.M.G. i. None 15°3 25-4 oo 53'5 
ii. May 36 29-7 ol 61°4 
iii. Feb.—Apr. 8-4 16:2 o-2 68-5 
iv. Nov.—Apr. 15°6 34:8 or 
Cc Pure crested dogstail i. None i) 32°5 21:5 36°3 
ii. May 29 20°3 22:2 50°7 
iii. Feb.—Apr. 42 3°2 18-4 65:0 
iv. Nov.-Apr. 16 8-6 37:5 38°9 
D Pure wild white clover i. None 38 11's oo 82-4 
ii. May 20 11-2 oo 746 
iii. Feb.—Apr. 63 18-5 or 70:3 
iv. Nov.—Apr. 4°7 14°4 or 
E Mixture of above species i. None 40-0 29 0-6 54:8 
ii. May 32:2 72 0-2 60-2 
iii. Feb.—Apr. 45-7 25 2:7 47:2 
iv. Nov.—Apr. 54:8 13 1:3 


conditions in July; whilst on the plots which had been grazed during the 
winter and pot | only for the only spring months—from early February 
to end of April—the rye-grass occupied only 62 per cent. of the pasture 
in July; om plots which had no rest at all (other than the short rotational 
rests) contained only 56-1 per cent. of rye-grass. 
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In the mixture plots the rye-grass occupied the same relative positions 
with regard to the rest periods (see Section E), the November—April 
rested plot having 54-8 per cent., the February—April rested plot 45-7 
per cent., and the no-rest plot 40 per cent. 

When the periods at which the various species start into active spring 
growth are borne in mind, and it is remembered that rye-grass is the 
earliest of the three grasses included, this winter-rest period becomes not 
only a factor of temporary importance as affecting the production during 
the season immediately following that rest, but also a major considera- 
tion in its effect on the persistency of that most useful grass, and hence on 
the intrinsic value of such a sward for future years. Indeed, this has been 
one of the main factors responsible for the making of many of our most 
famous feeding pastures on heavy soils, such as those in the Midlands. 

Rough-stalked meadow grass.—As with rye-grass, the longer period of 
winter and spring rest (November—April) as compared with the shorter 
rest (February—April) has benefited the rough-stalked meadow grass 
when sown alone—it has doubled it (see Section B). Yet when sown in 
the mixture (see Section E), the meadow grass has fared relatively worse 
with the longer winter-rest—reduced to half—this no doubt being due 
to the greater competition from the rye-grass, which was favoured by 
the winter rest even more than the rough-stalked meadow grass. 

The relation of rough-stalked meadow grass and perennial rye-grass 
under the May-rest conditions brings into prominence the fact that 
grazing in the early spring (previous to May) weakens the grass which 
produces most growth during that period—rye-grass—much more than 
the grass which to all intents is non-productive at that time—rough- 
stalked meadow grass—the sequel being that during the period of rest 
in May the latter is able to profit relatively more. In the pure-seeding 
plot, rough-stalked meadow grass has increased with rest in May from 
25:4 to 29-7 per cent. (see Section B), whilst the rye-grass in the same 
plot has decreased from 15-3 to 3°6 ~ cent. Similarly, in the mixture 
plot (see Section E) the rest in May has caused an increase in the rough- 
stalked meadow grass from 2-9 to 7-2 per cent., whilst the rye-grass has 
shown a decrease from 40-0 to 32-2 per cent. 

Crested dogstail—T his grass when sown as a pure species shows the 
advantage of the long winter rest (November—April) over the shorter 
rest (February—April) 37°5 per cent.: 18-4 per cent. (see Section C), but, 
like the rough-stalked meadow grass, it showed just the opposite when 
sown in the mixture (1-3 per cent.: 2-7 per cent., see Section E). In the 
mixture, however, its quantity was almost negligible. 

Wild white clover.—This is the only plant that did not seem to benefit 
from the long winter rest. Indeed, it seemed to thrive better the less 
rest it was given. The winter stocking, however, was not heavy. The 
stocking varied from 1 sheep per acre in January! to the equivalent of 
20 sheep per acre in June. 


' On a small area in one of the mixture plots which was stocked heavily for a few 
days at the beginning of February, the wild white clover was depressed owing to the 
sheep pulling up the succulent clover runners and eating them right back. 'This fre- 
quently occurs in practice if the winter stocking is overdone. 
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The wild white clover on the whole seemed to be governed by the 
rye-grass population—the more rye-grass the less white clover. Where, 
however, the rye-grass itself was rather sparse, the competitive effect of 
the rough-stalked meadow grass came into play. 


V. Weed Control in Pastures 


On the whole the amount of weeds in the various plots of Expt. 1 
has been kept remarkably low; nevertheless, the inroad of one plant, 
the creeping thistle (Carduus arvensis), shows up in striking contrast as 
between the various species (see Table 4). 

The perennial rye-grass has been by far the most successful in checking 
the incursions of the thistle, the wild white clover having allowed nearly 
seven times as many thistles to establish themselves, whilst the bottom 
niente meadow grass and crested dogstail—have allowed 
sixteen times as many thistles to establish in their plots. ‘The mixture 
plot was even more successful in this respect than the pure perennial 
rye-grass, but not to a significant degree, and as rye-grass was by far the 
biggest constituent of the mixture, the success of the mixture plot 
would be mainly due to the influence of the rye-grass. 


TABLE 4 


Showing the Inroad of Thistles (number of Thistles per 20 quadrats of 
4 square feet) into the Mixture and the various Pure Species in Expt. 1. 


July 1932 
Plots of perennial rye-grass_ . 
Rough-stalked meadow grass 
Crested dogstail . 360 
Wild white clover : 


The success of the rye-grass in checking the thistle was no doubt due 
to its earlier growth in the spring, the rye-grass being well away before 
the thistle made any appearance, whereas the later and more prostrate- 
growing plants allowed the thistle better opportunity during the more 
difficult stage of establishing its sub-aerial part. 

Evidence in support of this view is supplied by the fact that where 
the rye-grass was weakened by the heavy grazing of the winter and early 
spring (Plot 1), it was not so efficient in its competition with the thistle, 
as where the rye-grass was strong in the spring after rest in winter and 
early spring (Plot 4). 


Summary 


In a study of the effect on the plant of cutting and grazing to various 
intensities, it was found that over-grazing and over-cutting marked] 
restricted the development of the root system and of the succulent leaf- 
base, both in young and in old-established swards. During subsequent 
growth the production of green leaf during winter and spring was greatest 
when the grazing or cutting had been very lenient in the previous season. 
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EARLY BITE 
Showing effect of previous year’s treatment on botanical composition and 
vigour of growth in early Spring 
A. Cut twice with ordinary mower in previous year 
B. Cut extra close with scythe seven times in previous year 
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15. Seeding 


16. Seeding 


Perennial Ryegrass 12 Ib. per acre Montgomery Red 
R.S.M.G. Clover 5 lb. per acre 
Crested Dogstail Wild White Clover 216. 


INFLUENCE OF WILD WHITE CLOVER SEEDING 
on botanical composition of a grazing sward by the end of the second year 


Empire Frnl. of Exp. Agric. Vol. I, Pl. 6 
Perennial Ryegrass 40 lb. per acre 
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The behaviour of wild white clover and of three widely varying 
species of grasses was studied in relation to rate of growth and to weed- 
control when pure species were sown; also in relation to their interaction 
when sown in admixture and subjected to various grazing conditions. 

When sown alone, each of the grass species reacted favourably to 
non-grazing in the winter and early spring; but where there was 
competition, as when sown in admixture, the success of a species de- 
pended largely on the aggressiveness of the other grasses, and these in 
turn were strongly influenced by the times of stocking. 

The earliest grass—perennial rye-grass—was by far the most successful 
in checking the incursions of thistle, especially when the pasture was 
rested in winter and early spring; but the late-starting species—rough- 
stalked meadow grass, crested dogstail and wild white clover—allowed 
this weed to establish itself and spread very rapidly. 
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THE DEVELOPMENT OF HAYMAKING MACHINERY 
W. H. CASHMORE and J. E. NEWMAN 


(Institute for Research in Agricultural Engineering, University of Oxford) 


PLATES 7 AND 8 


Hay harvesting has been more affected by the use of machinery than 
the harvesting of any other crop. The machinery used for harvesting 
grain simply reproduced the actions of the hand-worker. Even the 
combine-harvester introduced no new action; it merely short-circuited 
most of the old movements. It is proposed to trace the development of 
the machinery used for haymaking, and to attempt to show how hay- 
making practice has changed as new machinery made fresh methods 
possible; and, finally, to give an account of the motor-car hay-sweep 
and hay-stacker, and of trials made with the combine-baler. 

The introduction of horse-drawn machines.—Up to 1850, and indeed 
much later, hay was made almost entirely by hand. It was cut with the 
scythe, tossed into the air with forks or rakes, drawn into windrows and 
cocks with hand-rakes, pitched on to carts, wagons, or sledges by hand 
and transferred by hand from them to the rick. "The number of men, 
and women, necessary to get in any quantity of hay is difficult to realize. 
It was a job for the whole population of the countryside. An early 
eighteenth-century picture' shows 122 people in one field. It is true that 
the number includes a troup of morris dancers, musicians, and others 
dispensing refreshments,* but the majority were employed on the hay. 

The first machine used was the ‘haymaker’, invented about 1814. 
It consisted of revolving rakes mounted cylindrically between the two 
wheels from which they derived their motion, and closely resembled the 
type of machine, still called by that name, to be found in use to-day. 

Development went on slowly up to 1840, when the haymaker still 
seems to lite been a crude affair, without a hood and thus liable, with 
a following wind, to throw the hay all over the horse, which had to be 
led, as any driver seated on the machine would have been smothered in 
grass. In a side wind the wheels clogged and there was no means of 
adjusting the clearance of the rakes to suit varying crop conditions. 

It is noteworthy that, at the first show of the Royal Agricultural 
Society, held at Oxford in 1839, the implements shown did not include 
a single machine having anything to do with hay, although they did 
include such modern-sounding exhibits as a stubble-burner and a 
dynamometer. 

Between 1840 and 1850 a great development took place, no doubt 
stimulated by the Royal Shows. In 1848 the Society oP sone a prize for 
the best haymaking machine, and of the winner the judges said that 
‘Messrs. Smith’s machine was so near perfection that no man need 
fear buying’. Andrews’s Agricultural Engineering, published in 1852, 
remarks that ‘these machines are great favourites with the Middlesex 

' Now in the possession of A. L. Poole, Esq., St. John’s College, Oxford. 
* Five quarts of cider per day per man was an allowance in Worcestershire, 
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farmers, and are extensively used in large parks in various parts of the 
country: they are manufactured by most implement makers, some having 
greater celebrity than others’. Messrs. Smith’s machine is said to be 
‘almost perfect’. In a report by P. Pusey, M.P., to the R.A.S.E., it is 
stated that horse-rakes are common in some counties, and in others 
unknown or unadopted. Of haymakers he remarks: ‘Every one has seen 
these machines turning the hay high above them: instead of this rapid 
action, if the movement of the frame be reversed, they gently stir the 
grass without lifting it from the ground. The saving of labour must be 
as great as with the horse-rake.’ Double action had thus come into use, 
and also the practice of spring-mounting the rakes, but hoods were as yet 
unthought of. They were not cave. Saal until 1875, when at the 
Taunton trials of haymakers, the greatest novelty was a hood, fitted to 
one machine, which completely covered the front action of the forks. 
‘Contrary to expectation’, the judges said, ‘it was a great success.’ This 
machine was the only one which did not clog, and hoods became uni- 
versal. Many haymakers of this type, practically unchanged from the 
1875 pattern, are in use to-day. 

While these advances were being made, the mowing machine was 
being developed from the reaper, invented to cut corn crops. Directly 
a satisfactory means of cutting corn was available, it was a natural step 
to modify the same machine for use in cutting grass. 

The R.A.S.E. carried out its first trials of mowing machines for grass 
cutting at Salisbury in 1857. They were held ‘in a small field of coarse 
rank herbage, intefsected by open drains, and ill adapted for anything 
else but a severe trial of the tempers of the exhibitors’. ‘There were only 
two entries and the ‘Eagle’ machine, made in Boston, U.S.A., ‘did its 
work beautifully’ and took the first prize of £15. In 1861 further trials 
were held at the Leeds Show. Seven mowers were entered, of which two 
did remarkably well. ‘The judges had ‘much pleasure in testifying to the 
mechanical skill and inventive talent that is displayed in this most 
interesting branch of agricultural economy: before long a machine 
should be brought out that will be all that can be desired’. 

Dynamometer pulls taken on three machines with cuts varying from 
4 ft. to 4 ft. 5} in. showed pulls of 133 Ib. to 271 lb., which are of the 
same order as those of present-day machines. 

In 1862 it could be written! that, ‘while mowing machines had not 
succeeded wherever they had been tried, failures were due to bad manage- 
ment, and that more hay was got, due to the closer and more level cut’. 
The same writer remarks that one machine and six scythes in a good 
long day have cut 18 acres of a full crop on the banks of the (Warwick- 
shire) Avon. 

By 1865? the cutter-bar had been given freedom of vertical movement, 
so that it could follow the ground closely and adapt itself to ridge and 
furrow. It could also be raised and lowered, and in one make of machine 
the angle of the knife could be altered. The machine had, in fact, 
assumed its modern form, and later improvements have been in matters 


' Journ. Roy. Agric. Sce. Eng., vol. xxiii, pp. 54-5. 
2 Ibid., 2nd ser., vol. i, part ii, p. 375. 
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of detail, such as the inclusion of roller bearings and improved lubricating 
arrangements. 

The perfecting of the mowing machine brought further developments 
in haymaking implements. Although under favourable conditions the 
haymakers of 1875 did the work of twenty labourers, they knocked the 
grass about severely and were quite unsuitable for use with clovers. 
‘There was need for something better, and the ‘kicking’ machines, which 
attained some popularity in the ’nineties, attempted to give a more gentle 
action, but the introduction of the swath-turner, which aimed at turning 
over the swath gently, was the first real advance, and the first attempt of 
the implement maker to take advantage of the regular swath laid by the 
mowing machine. Jarmain’s machine, shown at Leicester in 1896, 
seems to be the first of this type, and was also the first to employ the 
sideways action which is now universal. By 1903 this machine had been 
much improved and could put the crop into a windrow as well as turn it. 
It was called a ‘Swath Turner convertible to Hay Collector’. Another 
period of activity in invention and design now set in, and four years later, 
at the Lincoln trials of swath-turners and side-delivery rakes, the 
machines shown were substantially the same as those now on the market. 

By rendering it possible to make straight windrows of controllable 
size, these machines paved the way to improved methods of collecting 
the crop. The comparatively irregular rows made by the horse-rake, 
and the difficulty of handling hay delivered rapidly on to wagons without 
corner poles or side ropes, would have rendered the hay-loader of 1932 
of little use in 1872, when, in the report of the straw-elevator trials at 
Cardiff, it was suggested that a modification of 'Tasker’s two-wheeled 
elevator could be fastened to the tail of a wagon and used to load hay." 
The author adds that he finds the notion cannot claim to be original, as 
such machines are already in use in America. A hay-loader made in 
America was exhibited at the 1876 Royal Show and an English-made 
machine, manufactured curiously enough by a Mr. Loader, in 1878. 
But hay-loaders and hay-sweeps have only come into general use since 
the War. The rise in the cost of labour stimulated their use: further, 
both, and particularly the sweeps, are more conveniently and efficiently 
operated with tractors than with horses. 

The introduction of the tractor —With horse-drawn mowing machines 
the width of cut remained at about 4 ft. 6in. With the arrival of the motor- 
drawn and motor-driven machine the cut has increased to 6, 7, and 8 ft. 
Power mowers have now reached a high level of performance, though they 
are still in a state of evolution. They may be divided into two main classes: 


1. The mowing machine pulled by a tractor, but with its knife driven 
from the power take-off. The wheels, which may be small castor 
wheels, track with those of the tractor. 

2. The mowing attachment, carried by the tractor itself, without 
wheels of its own. The knife, which is generally in front and in 
view of the tractor driver, is driven from the pulley or power 
take-off of the tractor. 


' Report on the Trials of Implements at Cardiff. C. G. Roberts, Journ. Roy. 
Agric. Soc. Eng., 2nd ser., no. xvi, p. 460. 
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Both types have their operating levers arranged so that they can be 
worked by the tractor driver, have safety clutches in the drive to the 
knife, and are often further provided with a device which allows the 
whole cutter-bar to swing back if it runs into an obstruction. Mowing 
attachments for garden tractors are now made and may be useful to 
small-holders. Machines of more or less conventional design, horse- 
drawn, but with the knife driven by a small petrol-engine of the motor- 
cycle type, are also being developed. 

The introduction of reliable tractors synchronized with an increased 
use of hay-loaders and sweeps. As these machines became more 
common, cocking began to be abandoned. It was convenient for efficient 
hand-loading, but of no advantage to the machines, the speed of which 
rendered less valuable the security provided by the cocks against damage 
from rain. The windrow made by the side-delivery rake lessens the 
risk of overmaking, and gives some protection against rain. In both 
respects it is better than the open heaps made by the horse-rake, which 
are easily soaked through, and take a lot of drying out again. 'Tractor- 
sweeps are used, however, in catchy weather to make large cocks, a full 
sweep-load to each cock. ‘The rounding off to make them weatherproof 
is done by hand. 

It appears probable that the tractor hay-sweep will give place in many 
districts to the motor-car sweep, introduced by Mr. A. J. Hosier. ‘This 
is generally used on old cars of big horse-power, which can be bought 
cheaply. It has no wheels or lifting device and is carried by two brackets 
on the dumb irons of the car. The tines have eccentric points and by 
turning the sweep upside down the points are carried nearer or farther 
from the ground to suit the prevailing conditions. ‘The steering of the 
car is easy and the sweeps are run both full and empty at speeds up to 
15 m.p.h. Consequently, particularly in big fields, the rate of “dling 
is much faster than that of tractor-sweeps. 

Under very adverse conditions setealasibi may be needed, and it is 
generally better to put some weight in the back of the car. 

The greatest saving in time is achieved when the hay-sweep is used 
in conjunction with the stacker, which takes the load from the sweep 
and transfers it bodily to the stack in one operation. ‘The two in combina- 
tion form the quickest and most efficient existing means of getting hay 
from the field to the top of a rick. Used apart, in co-operation with other 
implements, neither shows to the same advantage. 

he stacker has been introduced from America, where in various forms 
it has been in use for many years. ‘The type used in England is known 
as the ‘overshot’. It consists of a frame which rests on the ground, to 
which are hinged two telescoping arms, carrying a cradle similar to 
a sweep. The sweep pushes its load of hay right on to the cradle, the 
tines of the sweep being pushed between the tines of the cradle. ‘The 
sweep is backed out, leaving its load on the stacker-cradle. The arms of 
the stacker are then raised and, extending as they rise, lift up the hay 
and throw it over backwards on to the rick. Means of varying the height 
of the lift are provided. A rope, geared 3 to 1 on to a jib, which is 
attached by stays to the lower part of the sikenipie arms, is used to raise 
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the stacker. It may be worked either by horses, a car or tractor, or by an 
engine-driven winch. 

Observations taken on two tractor-sweeps, working in conjunction 
with a stacker operated by a 6 horse-power winch, showed that the 
average time taken to lift a load and return to the ground was 21 seconds. 
The time spent by the sweep at the stack was about 30 seconds. 

In a 25-acre field 18 loads per hour were averaged over the working 
time. The amount of ha calncied was about 3 tons per hour. 

The tractor-stacker, a 5 Brae ental which is in the experimental stage, 
is a stacker built round and worked by a tractor, having the advantage 
of being able to move from rick to side, or from one end of the rick to 
the other under its own power without loss of time, and of being able 
to lift heavier loads than the ordinary stacker. 

Three car-sweeps, in conjunction with a tractor-stacker, working in 
a 30-acre field, oolhened over 5 tons per hour. 

The following table of amounts collected and stacked per man-hour 
has been compiled from observations on various farms. There was a 
considerable variation from the average and, if a larger number of farms 
had been observed, slightly different figures might have been obtained. 
It is believed, however, that they give a fair indication of average 
practice. 


Tons per 

Method man-hour 
1. Horses and wagons. ‘ ‘ o18 
3. Tractor-sweep and elevator or stacker in field ; ; ‘ 0°28 
4. ‘Two tractor-sweeps and stacker . ; 0°43 
5. Three car-sweeps and one tractor-stacke : 0°55 


With a harvest so dependent on the weather, speed of working is of 
vital importance and, particularly in large-scale work, its organization is 
simplified if the different sections—cutting, making, and ricking—can 
be carried out at approximately equal rates. This, rather than a simple 
reduction in cost, is the main object of modern developments. 

The practice of allowing the swath to lie undisturbed for a time, even 
in fine weather, arose from the fact that, although mowing was a quicker 
operation than carrying, tedding was a much quicker one than either. 
But now that mowing by motor has speeded up cutting, and sweeps and 
stackers have speeded up ricking, there would appear to be no reason 
why the making should not begin directly the grass is cut. The double- 
swath board of the 6 or 7 ft. knife of the tractor-mower, which makes 
a loose swath set up in the middle, is one effort in this direction: tedding 
at the same time as mowing is another. Both these practices have been 
anticipated. ‘The ‘Eureka’ mower of 1880 radial pve the U.S.A.), 
and the combined mower and tedder shown at Newcastle in 1887, were 
not taken up, because, so long as it was a necessary part of haymaking 
practice to be able to mow in wet weather, the standard rainproof swath 
was, taking one year with another, safer. But now that cutting can be 
done so quickly there is no need to cut in bad weather, and the quick- 
drying swath is an advantage. Another consideration is that one of the 
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objects of the swath is to leave a clear space for the horse or the wheels 
of the tractor. But if pneumatic-tired tractors and mowing machines 
come into use, will these spaces be necessary ? A very small space would 
be required for the knife’s clear entry, but apart from that, could not the 
grass fall straight and not be piled in layers? Quicker and more even 
making would follow. 

Trials of the combine hay-baler.—Losses in haymaking can be con- 
sidered from the point of view of how they occur, and how they can be 
controlled by the machinery and methods employed. They divide them- 
selves into four main classes: 


1. Respiration losses. 
2. Leaching losses. 

3. Mechanical losses. 
4. Losses in the rick. 


It is apparent that the more quickly the hay can be made, the lower will 
be the respiration losses and the less the risk of losses from leaching, 
whilst mechanical losses are a matter chiefly of the botanical character 
of the material and of the machinery used and the manner in which it 
is used. Mechanical losses, i.e. losses of leaves, &c., are probably smaller 
when baling from the field with the combine-baler than by any other 
method, particularly in the case of clovers and lucerne. Losses in the 
rick due to heating are greater in extent than is generally recognized. 
In ordinary haymaking they depend on the judgement of the farmer and 
the luck of the weather. They are avoided by baling hay from the field, 
either with the combine-baler or with a stationary baler to which the hay 
is brought. 

The influence of the combine-baler on haymaking practice will be 
a matter of economics, i.e. its first cost, the size and type of farm, &c. 
When the first hay-baler was tried in England at the Royal Show at 
Derby in 1880, Mr. Scotton, one of the judges, held the strong opinion 
that ‘through its agency hay may be secured from the field in a greener 
and therefore more valuable condition for many purposes than when 
stacked and sweated according to ordinary practice’. He said that baled 
hay should be so stacked as to allow of proper ventilation, and in this, as 
in his other suggestion, was in advance of the time. Some of the subse- 
quent attempts to store hay baled from the field have been based on the 
assumption that the bales should be stacked as closely as possible, so as 
to reproduce the conditions in a rick and exclude air. ‘They have met 
with mixed results. In California, where baling from the field has become 
the usual method of making lucerne hay, it is always stacked so that air 
can circulate freely round the bales. ‘The losses due to sweating and 
heating in the rick are thus avoided. The compression of the bale 
excludes air, and any heat produced is carried away by conduction before 
it can accumulate enough to raise the temperature of the bale more than 
a few degrees. If the bales are carrying an excess of moisture, this will 
also be removed under conditions unfavourable to the development of 
mould and resembling, but superior to, those under which hay is made 
on the Scottish system. 
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In view of the success of the combine-baler in America, the Institute 
for Research in Agricultural Engineering purchased one with a view to 
testing its value under British conditions. It makes bales 14 in. by 18 in. 
in cross section, and is drawn by a tractor with a power take-off, which 
drives the pick-up and baling mechanism. The general appearance of 
the machine is shown in Plate 8. The baling mechanism is that of a 
standard stationary baler. 


The two men required to work the machine stand on platforms on each 


_~ side of the baling chamber. One feeds dividing-boards into a carrier, 


from which, when moved forward, the boards are pushed down into 
position by an extension piece on the packing mechanism. ‘The same 
man controls the cross conveyor, which can be stopped or started in 
either a forward or a reverse direction with the pick-up running in 
a forward direction only. The conveyor is momentarily reversed when 
a dividing-board is inserted. This clears the baling chamber before the 
board descends. The other man threads the wires through slots in the 
dividing-boards and ties them while the bale is under compression, 
exactly as with a stationary baler. Safety clutches are provided at various 
points in the power delivery. 

The machine is strongly built and weighs about 3} tons; the total 
= can be supplied by a tractor of the 10/20 class on level 

round. 
The baler was used to gather some 20 acres of lucerne on Viscount 
Lymington’s farms in Hampshire. It worked well, but as the operators 
were unused to baling, it could not be worked up to its full capacity. 
Although during one San nearly 2 tons were baled, the average output 
over the whole feld was slightly under 1 ton per hour. 

The lucerne, when baled, was well made, Cine a moisture-content 
of from 16 to 14 per cent. Thermometers inserted in the bales showed 
that no appreciable rise of temperature took place. The amount of leaf 
lost was very small. ‘This hay has not yet been used, but is apparently 
in good condition. 

Generally the pick-up worked well and only once picked up stones. 

The machine was « d tested at the University Farm, Cambridge, 
where it worked well on meadow hay on ridge and furrow. The estimated 
yield of the crop was 35 cwt. per acre. When working across the ridge 
and furrow the machine gave an average output of 1-o ton per hour, 
covering 0-57 acre per hour. With the ridge and furrow the output 
was 1-6 tons per hour, covering 0-87 acre per hour. The reason for the 
decreased output when working across ridge and furrow is that the 
operators are inconvenienced by the swinging of the platforms on which 
they stand. 

The limiting factor was again the want of experience of the men wiring, 
and throughout the tests there was a steady improvement in output. 
With such a heavy crop, even when the rows were as light as ok be 
arranged without the tractor having to run on the next row, the out- 
put would have been almost 2 bales per minute at a continuous for- 
ward speed of 2-0 — In the circumstances, it was necessary to 
stop occasionally to allow the two operators to keep pace, and some 
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considerable experience would be necessary before an output of 3 to 4 
tons per hour could be reached, as is done in America. ‘The weight of 
the bale was easily kept constant within a range of a few pounds: a bale 
of about go lb. was found to be the most convenient. 

The bales were collected by two men with a horse-drawn lorry. This 
was a much simpler operation than was anticipated. 

The costs given Me to are based on a 60-day working year, as the 
machine can be used for stationary baling from the rick and for baling 
straw either behind a threshing machine, or from the stack, or after a 
combine-harvester. The life of the machine is taken at ten years, which 
is a conservative estimate. 


Cost of Baling Hay with the Combine-baler 


Initial cost: £495. 
Average life: 10 years. 


£ d 
Average yearly interest on capital (5 per cent. of one-half first cost) . 2 7 % 
Average yearly repairs (34 per cent. on initial cost) ; : ; 17 6 6 
Average number of days used (including stationary baling) 60 
Average daily overhead charge t 6 s 
Overhead and running charge on tractor (3s. 6d. per hour for 10 hours) 11s © 
Bale wire (1s. 6d. per ton of hay)— 
15 tons of hay per day . r 
Labour: 3 men at 8s. per day (10-hour day) 


With output of 15 tons per day (obtained in test), 
Daily cost = £5 7s. 11d. Cost per ton = 7s. 2d. 
With output of 30 tons per day (possible with more experience), 
Daily cost = £6 10s. 5d. Cost per ton = 4s. 4d. 
To these figures must be added the cost of carting the bales from the 
field to the place of storage, which is approximately 1s. per ton. 

The cost of the baler in America, converted at normal rate of exchange, 
is £225. At this figure, owing to reduced overhead charges, the cost per 
ton is 6s. 3d. and 3s. 10d. for 15 tons per day and 30 tons per day 
respectively. 

A combine-baler, making bales of normal size, should prove service- 
able on large farms or in the hands of a contractor. The total cost of 
baling, carting, and stacking the bales, together with an allowance for 
transport charges of the machine, should not exceed 8s. per ton. Provided 
the machine is worked with fairly light rows, and on even ground, there 
is no reason why continuous running should not be pen and when 
the operators have had more practice, the output of nearly 3 tons per 
hour should be reached. Such an output would reduce the cost per ton 
to about 6s. 6d. 

The machine can pass through a 10-ft. gateway. There are still many 


narrower gates in England, and if these had to be used, the transport costs 
3988 F 
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would be increased, as the pick-up would have to be removed to clear 
the posts, an operation which occupies some hours. 

he machine was the smallest of three sizes made. A larger bale 
would make the work of wiring easier and would be especially useful 
for straw. 

The machine would be more easily and efficiently worked if it were 
driven by a separate engine instead of the power take-off. The travelling 
speed could then be varied according to the thickness of the windrow, 
while the speed of the baling mechanism remained constant; this would 

ermit it to be hauled by the smaller tractors over undulating ground. 
The argument against a separate engine is the increased cost. 

Last season most of the hay baled had dried naturally in the field to 
a moisture-content below 14 per cent., but hay up to 29 per cent. was 
baled in order to ascertain the highest moisture-content allowable. ‘The 
results are given below. The work was done in co-operation with the 
School of Agriculture, Cambridge, who made the tests. 

Several loads of hay at various moisture-contents were carefully 
sampled and baled, the bales being labelled. ‘They were stored under 
a Dutch barn and stacked so as to allow ventilation between the bales. 
On October 26 several bales from each lot were taken at random and 
examined. The results are given below: 

Sample 1.—This hay contained 13-9 per cent. moisture when baled. 
It was baled under ideal conditions, the crop being well made and the 
weather windy and bright with a high air-temperature. 

When opened this hay was excellent both in colour and texture. There 
were no signs of heating and the aroma was perfect. 

Sample 2.—Moisture-content when baled 14-0 per cent.; taken from 
a different part of the field, otherwise similar to Sample 1. 

When opened the hay was found to be very good as regards colour and 
texture, but not so good in aroma as Sample 1. This was probably due 
to a slight difference in the botanical composition. 

Sample 3.—Moisture-content when baled 21-0 per cent. This hay, 
after being nearly dry in the field, was soaked with rain and remained 
wet for several days. At the time of baling it showed distinct signs of 
having suffered from bad weather and was hardly in a fit state for 
stacking. 

When opened it was found to be average hay. It still had the appear- 
ance of having been rain-washed but was quite dry. There was no trace 
of mould or sign of heating. ‘The aroma had a slight suggestion of mould. 
The hay was superior in quality to what would have been expected had 
it been stacked at the time of baling. 

Sample 4.—Moisture-content when baled 28-3 per cent. This hay had 
suffered from a week of rain and was very damp and poor in appearance. 
It was too wet for stacking. 

When opened it was dull in appearance, suggestive of being rain- 
washed. It was quite dry and by no means ruined. Slight mould was 
found but its spread had evidently been stopped by the drying. The 
hay was much better than would have been expected from a stack of 
such weathered material. 
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Sample 5.—Moisture-content when baled 29-0 per cent., otherwise 

; similar to Sample 4. Mould was definitely present but not pronounced. 

It was useful hay, perfectly dry, and there was no possibility of the mould 
spreading. 

In all these samples the moisture-content on opening was 14 per cent. 

Hay baled at Mill Farm, Kidlington.—The hay was baled in June. 
It had not had much making in the field but had been free from rain. 
At the time of baling the moisture-content varied from 19 to 21 per 
cent., and the herbage included plants that would be expected to cause 
heating. ‘This hay was stored in a walled barn. 

Bales chosen at random were opened on October 28 and all the hay 
was found to be of excellent quality, having a fine green colour and a good 
aroma. ‘There were no signs of heating. ‘The final moisture-content was 
15 3 per cent. 

‘onclusions.—Baled hay is at least equal in quality to hay cut from 
a stack, provided it has been stored in a proper manner, i.e. covered and 
stacked with small gaps between the bales to allow circulation of air. 
(American opinion attaches importance to the bales being stacked on 
edge.) Lucerne or clover baled with the combine-baler need suffer no 
appreciable loss of leaf. 

A considerable amount of drying can take place after baling. 


(Received February 22, 1933) 
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THE INFLUENCE OF ARTIFICIALLY DRIED GRASS 

IN THE WINTER RATION OF THE DAIRY COW ON 

THE COLOUR AND VITAMIN A AND D CONTENTS 
OF BUTTER 


S. J. WATSON, J.C.J. Agricultural Research Station, Jealott’s Hill, Berks.; 
J. C. DRUMMOND, University College, London; 1. M. HEILBRON and 
R. A. MORTON, the University of Liverpool. 


Introduction 


THE deep yellow colour of the butter produced from the milk of cows 
on pasture and its absence from butter produced during the winter 
stall-feeding period are too well known to need comment. It has been 
shown [1] that this natural yellow colour is due in the main to carotene, 
though xanthophyll is also present, and that the carotene of the butter 
is derived from that in the ration [2] and is roughly proportional to it. 
There are marked differences in the amount of pigment in the milk fat 
of different breeds of cattle [3], the Channel Island breeds being out- 
standing in this respect. In the absence of carotene-rich foods in the 
ration, the yellow colour of the milk fat of all breeds disappears though 
it is maintained for a longer time by the Channel Island cattle. 

Morton and Heilbron [4] have shown by spectroscopic methods that 
butter contains carotene and vitamin A and that these can be estimated 
spectroscopically with a considerable degree of accuracy. 

A preliminary investigation [5] has Tanne that the carotene-content 
and the nitrogen-content of pasture herbage are associated, grass of high 
nitrogen-content being rich in carotene; hence balanced manurinz of 
grassland with nitrogen, phosphates and potash may be expected to be 
beneficial in regard to its effect on butter produced by cows at pasture, 
since it would tend to maintain the nitrogen-content and, with it, the 
carotene-content of the herbage at a higher level throughout the grazing 
season. ‘This effect, however, could not extend into the winter feeding 
period, when winter rations of the ordinary type are used, and the normal 
loss of colour of the cream and butter would still occur. 

Artificial drying of grassland herbage at Jealott’s Hill [6, 7, and 8] has 
shown that drying in a band drier operating with an air-inlet temperature 
of 200° C, results in scarcely any loss of digestibility and nutritive value; 
and it has now been found that the loss of carotene during the drying 
process is much smaller than might have been expected. 


TABLE 1. Carotene-content of Samples of Grass before and after 


Artificial Drying 
Carotene as mg. per cent. of the dry matter in: 
Fresh grass Artificially dried grass 
29.10.31 42°2 40°4 
3-11.31 48-4 43°9 


31.94.31 56:2 
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Drummond and his co-workers [g, 17] and Fraps and ‘Treichler [ro], 
among others, have shown that the vitamin-A content of butter is higher 
when the cows are at pasture than during the winter stall-feeding period, 
so that in view of the relationship recently demonstrated between 
carotene and vitamin A by Euler and his co-workers [11, 12] and Moore 
[13], it would appear that any addition to the winter ration which would 
improve the carotene-content of the butter would also react favourably 
on its vitamin-A content. ‘To investigate this question, a feeding trial 
with dairy cows was carried out at Jealott’s Hill in the winter of 1931-2. 
Four groups of cows were used, one on a normal winter ration of roots, 
hay, and concentrates, two using different types of artificially dried 
grass (one nitrogen-treated, the other non-nitrogen-treated) as a source 
of carotene, and a fourth to test the value of grass silage in this regard. 


Details of Experiment 


Selection of Groups.—Four groups, each of four cows, were selected; 
they were as evenly matched as possible in regard to total milk yield, age, 
and stage of lactation. Owing to an accident, two cows were severely 
gored and had to be withdrawn during the course of the experiment, 
leaving only three cows each in Groups 1 and 2. 

Rations Fed.—At the date of selection all the cows were being fed 
alike; they were on pasture and received a daily allowance of marrow- 
stem kale and some hay, together with a mixture of equal parts of 
yellow maize and a proprietary dairy cube made up of oil-cake and 
cereals. 

The cows of all four groups were brought on to the control ration on 
November 19, 1931, and by the end of the month they were indoors 
day and night, having no access to grass. The rations used are given 


in Table 2. 


TABLE 2. Rations fed to Dairy Cows during the Experimental Period 


Maintenance ration: 


pounds fed per head Production ration: pounds fed per gallon of milk 
daily produced 
Artificially 
Decort. 
Man- Grass nut Barley Rice kernel N Non-N 
C sroup | golds Hay* _ silage meal meal meal cake treated treated 
1 | 30 15-20 = 
2 30 5-10 30 
3 30 15-20 I 
4 | 30 15-20 4 24 


* Varied according to the weight of the cow. 


The hay used throughout the experiment was from a stack of average 
meadow hay set aside specially for the experiment and obtained from 
one field. The nutrients supplied, per 1,000 Ib. live-weight, for main- 
tenance, were the same for Groups 1, 3, and 4. 
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The analyses of the dried grass and grass silage used are given below. 


TABLE 3. Composition of the Artificially Dried Grass and Grass 
Silage used in the Experiment. (Stated as percentages of the Dry 


Matter) 
Grass silage Artificially dried grass 
Made ina Made in a Nitrogen Non-nitrogen 
towerslo | stack | weated 
Ether extract ; ; 3°68 2°43 3°49 2°91 
Fibre . 27°88 33°83 19°22 24°22 
Crude protein ‘ 17°37 10°98 20°53 15°48 
Ash . 12°63 9°24 16°73 10°44 
N-free extractives : 45°20 43°52 40°03 46°95 
True protein ; 12°87 8-38 19°14 14°65 
Calcium oxide (CaO) 0°76 0°97 078 1°23 
Phosphoric acid (P,O;) . o82 0°83 
Moisture in fresh material 80°4 69°12 12°5 12'0 


Two types of grass silage were used in Group 2 during the experiment. 
The tower silage was definitely superior to the stack silage.in composi- 
tion. In the absence of data for the digestibility of the hay used, 3 lb. 
of silage were assumed to be equivalent in feeding value to 1 lb. 
of average hay based on the starch-equivalent content. The artificially 
dried grass used in the ration was cut in the autumn of 1931 from areas 
puddly selected for the purpose and was dried in the band-drier 
mentioned above. 

The dried grass fed to Group 3 was obtained'from an area which had 
received no nitrogenous fertilizers during 1931 or the preceding two 
seasons, although it had received phosphates and potash. 

The nitrogen-treated dried grass was obtained from a field which had 
received three applications of sulphate of ammonia during 1931, in 
addition to sheaghehen and potash in 1930. Both herbages were cut 


after equal growth-periods. ‘The most obvious difference is the higher ‘ 


protein-content of the nitrogen-treated herbage, associated with which is 
a lower fibre-content. ‘The lower calcium-content of the nitrogen-treated 
grass is of special interest and will be referred to again later. 

The nutrients supplied in the production ration were based on average 


values for the foodstuffs in question. In the ration fed per gallon of | 


milk produced, the starch equivalent varied from 2-36 to 2-52 lb., and 
the digestible true protein from 0-61 to 0-63 Ib. 

The cows of all four groups were treated alike in regard to housing, 
times of feeding, exercise, and general management, and during the period 
of the experiment they had no access to pasturage. 

Time-table of Experiment.—After all four groups had been on the 
control ration for twenty-three days, the separate groups were brought 
on to their experimental rations on December 12, and the experimental 
period — started on December 27. Milk samples from each group 
were taken at intervals, a true composite sample, based on the yield of 
the individual cows, being made up for analysis. Butter was made at 
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intervals from the bulk milk of each group. The first experimental 
samples were taken in the first week in January, and thenceforward 
samples were taken at regular intervals until March 17. 

The supply of tower grass silage was exhausted on January 20, and 
from that date stack silage was used in Group 2. 

Towards the end of February the supply of high-quality dried grass 
of both kinds was exhausted and some poorer-quality material had to be 
used for the rest of the experimental period. 

On March 17 the feeding of dried grass was discontinued and the 
cows of all four groups were brought on to the control ration. 

The cows were turned out to grass by day from April 14, and from 
May 8 onwards they were out at pasture day and night. 

For reasons which will be given later, milk samples were taken only 
from Groups 1 and 4 after the cows had been turned out to grass. 


Sampling and Analytical Technique 


Milk Samples.—The milk of each cow was sampled at each of the two 
daily milkings, morning and evening. A true bulk sample for each 
group was made up from the individual samples, using volumes pro- 
portional to the yields of the individual cows comprising the group. 
Total solids, fat by the Gerber method, lactose (volumetrically, using 
Pavy’s solution), nitrogen, ash, calcium, and phosphorus were deter- 
mined on these bulk samples. 

Butter Samples.—The bulk milk of each group was kept separate. 
After thorough mixing a sub-sample of 2} gallons per group was taken 
at each of the two milkings, and the two sub-samples were mixed. The 
morning and evening yields of any group did not differ sufficiently to 
necessitate the making of a weighted sample. The group samples were 
then ‘separated’ in a small cream separator, and the creams were put in 
a cool a to ‘ripen’. Butter samples of 1 to 2 lb. weight were made in 
the ordinary way from the cream. ‘The Reichert-Wollny and Polenske 
values of the butters were determined. ‘The butters were examined for 
total yellow colour, and the contents of carotene, xanthophyll, vitamin 
A and vitamin D were determined. The technique employed is discussed 
in detail elsewhere [14]. ‘The total yellow colour was determined by the 
Lovibond tintometer, carotene and xanthophyll were determined both 
colorimetrically and spectroscopically, and vitamin A was determined 
spectroscopically. 


Results 


Total Yellow Colour.—During the course of the experiment, the colours 
of the butters showed marked and obvious differences. The figures for 
total yellow colour, which represent the Lovibond yellow units required 
to match the colour of a 1-inch depth of the liquid fat diluted with three 
times its volume of petroleum ether, are given in the Appendix. ‘They 
show the magnitude of the differences and allow a comparison of the 
values for the butters of the four groups. This comparison is seen most 
clearly in Fig. 1, in which are plotted the figures for total yellow colour 
from the Appendix. 
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During the pre-experimental period the figures were high at first 
while the cows were still on pasture, but thereafter, when they were all 
receiving only the control ration, the values fell, and before the middle 
of December they were between 6 and 7 yellow units. ‘There was tolerably 
good agreement between all four groups, though Group 2 was low. 

For the control group (Group 1) the colour then fell rapidly to the 
low value of about one yellow unit, where it remained until the cows 
went out to grass in April, whereupon it rose rapidly to just above 11 
yellow units in May, a the cows were on pasture day and night and 
the herbage constituted the major part of the diet. 

A butter sample taken from the milk of the ordinary herd at Jealott’s 
Hill farm during February gave a total yellow colour value of 1-2 unit, 
which agrees with that for the control group at that time. This confirms 
the normality of the control ration and shows that this behaviour of the 
butter colour for the control group may be taken as typical of what 
happens during the winter stall-feeding period of a dairy herd. A further 
point of interest is that the farm herd was allowed out to pasture for a 
few hours daily during the winter for exercise. 

The cows receiving grass silage (Group 2) showed the same level of 
colour as the control group in November, though they gave a lower value 
in early December. As the value for carotene in the butter of this group 
in December (0°312 mg. per cent.) was similar to that for Group 3 
(0-314 mg. per cent.), it is possible that the figure for yellow colour is 
inaccurate,' since Group 3 produced a butter whose total yellow colour 
was 6:2 units. 

The colour of the butter of the silage group (Group 2) then fell off 
during the experimental period, though not quite so rapidly as that of the 
control group, until early February, when the cows were changed over 
from the silage made in a tower silo, which was of good quality, to the 
inferior stack grass silage. During February and March the total yellow 
colour of the butter of this silage group was almost identical with that 
of the control group. 

The inclusion of non-nitrogen-treated, artificially dried grass in the 
ration of Group 3 resulted in the colour of the butter being maintained 
at a constant level of between 6 and 7 yellow units throughout the 
experimental period. When the cows were put back on to the control 
ration on March 17, the effect on the colour was immediate. By the 
next sampling date, in late March, the value had fallen to 1-8 yellow units, 
and by April 14 the colour was practically identical with that for the 
control group. 

The butter from Groups 2 and 3 was not followed up on grass in 
April and May, since the colour had fallen to the level of the control 
group. 

The most striking results were obtained with Group 4, in which 
nitrogen-treated, artificially dried grass replaced the major part of the 
concentrate ration. Starting from approximately the same level as the 
other groups in December, the intensity of the colour began to rise with 
the addition of the dried grass to the diet. The effect was already apparent 

' Probably bleached by rancidity. 
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in the first experimental sample taken in early January. This rise continued 
and a level of between 10 and 11 yellow units was reached, at which the 
colour remained more or less constant until late February. The effect of the 
change-over from high quality to poor quality dried grass is very evident 
with this group, the colour of the butter falling to just over 7 yellow units 
in early March. The cows were then put back on the control ration, 
with the result that the colour fell to practically the level of the control 
group by mid-April. On turning out to grass the colour rose again by 
early May to a level similar to that maintained during the feeding of the 
dried grass in January and February, and by the end of May it had risen 
even higher, surpassing that of the control group. 

Carotene and Xanthophyll.—The values obtained for carotene and 
xanthophyll on the samples of butter are given in the Appendix. ‘The 
correlation coefficients of the total yellow colour-, carotene-, and xantho- 
phyll-contents show a close relationship between all three. 


TABLE 4. Correlation* Coefficients (r) of Total Yellow Colour, 
Carotene, and Xanthophyll in Samples of Butter 


Value of r 

Total yellow colour and carotene (colorimetric) +0°971I1 
Carotene (colorimetric) and carotene (spectroscopic). ’ ‘ . +0°9694 
Carotene (spectroscopic) and xanthophyll . +0°8083 


n = 34. For p = ool. r = 0°4243. 


* See Statistical Methods for Research Workers, by R. A. Fisher. Oliver & Boyd, 
London, 1932. 


There is a highly significant positive correlation between the thiee 
sets of figures. Thus the variations in the values for the total yellow 
colour, which have been described above, apply equally to the carotene 
values. The inclusion of artificially dried grass in the ration kept the 
carotene-content of the butter at over 0-511 mg. per cent. throughout 
the experimental period, whereas the control group produced a butter 
which soon fell below a value of o-1 mg. per cent. of carotene. 

Group 3, with non-nitrogen-treated, artificially dried grass, kept the 
carotene-content of its butter at a level of just under 0-4 mg. per cent. 

The group receiving grass silage produced a butter which had an only 
slightly higher carotene-content than that of the control group. 

The figures for xanthophyll, whilst closely correlated with those for 
carotene, are of only 1/15th to 1/2oth the magnitude of the latter. 

Vitamin A.—The values for vitamin A, determined spectroscopically, 
show the same general trend as the carotene and total yellow colour. 
In the Appendix the values are stated as mg. per cent. of a standard. 
The standard used was the richest concentration of vitamin A which 
has been prepared at Liverpool, in terms of which all results are given. 
For fuller details the paper already mentioned [14] should be consulted. 

The correlation coefficients between total yellow colour, carotene, and 
vitamin A are all positive and highly significant. 
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TABLE 5. Correlation Coefficients (r) of Total Yellow Colour, 
Carotene, and Vitamin A in Samples of Butter 


Value of r 
Total yellow colour and vitamin A . , : . +0°8394 
Carotene (colorimetric) and vitamin A. : . +0°8587 
Carotene (spectroscopic) and vitamin A. +0°8604 


n = 34. For p = o'o1. r = 0°4243. 


The relation between total yellow colour, carotene determined colori- 
metrically, carotene determined spectroscopically, and vitamin A is 
shown in Fig. 2. 

Vitamin D.—The vitamin-D value of the butters was measured in the 
usual way by the biological test, using the Steenbock diet No. 2965. and 
diagnosing rickets on X-ray photographs before and after the test. From 
the results, which are given in the Appendix, it is clear that none of the 
winter rations has raised the low level of vitamin Din the butter. Indeed, 
the vitamin-D content of the butter did not rise until the cows were 
out at grass, when a marked increase in the potency is seen, and 0-6 gm. 
becomes a curative dose, which agrees with the Endings of Crawford, 
Golding, Perry and Zilva [i5) who obtained optimum results with 
0:2-0°6 gm. of butter obtained from cows at pasture. 

Reichert-Wollny and Polenske Values—The Reichert-Wollny and 
Polenske values of the butters were normal and showed no significant 
differences between the milk of the four groups. 

The figures obtained are summarized in Table 6. 


TABLE 6. Reichert-Wollny and Polenske Values of Samples of 


Butter 

— Group 1 Group 2 Group 3 Group 4 
‘chert. { Experimental. 30°5 30°4 30°1 29°9 
On control ration 29°7 28-6 28-2 
(Experimental. 2°8 2°5 2°6 2°8 
Polenske On control ration 2°3 2°4 2°2 


* Not determined. 


The figures are stated as averages for three periods, the experimental 
period extending from January 6 to March 13, the periods during which 
the animals were on the control ration up to January 6, and from March 
13 to April 14, and the third period during which they were on pasture. 

The fall in the Reichert-Wollny and Polenske values of the groups 
while on grass, is in accordance with the finding of Hilditch and Sleight- 
holme [16]. 

Yield of Milk.—Although the quality of the milk was the primary 
consideration, the milk yields of the cows are not without interest. Owing 
to the small number of cows in each group, it is impossible to make an 
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accurate comparison of the influence of the diet on the individual groups. 
Milk yields were recorded daily. ‘Table 7 shows that the milk production 
was fairly even in the different groups, from which it may be inferred 
that the rations were adequate. 


TaBLe 7. Milk Yields of Groups during the Period December 20 


to March 13 
Average yield per cow in pounds 
Group Total Per week 
I 20919 174°3 
2 2425°5 202'1 
3 2082°6 
4 2209°9 184°2 


Group 1 was penalized by the loss of its highest-yielding cow, whilst 
Group 2 was helped by the loss of one of its lower-yielding cows, so that 
it may fairly be said that the average milk yields of the animals of all four 
groups were practically equal and that there was no appreciable difference 
in productivity between the groups. 

Composition of the Milk.—The analyses of the milk samples showed 
on the whole, only minor differences; they are summarized in ‘Table 8. 


TABLE 8. Average Composition of Milk Samples 


Period Group 1 Group 2. Group 3 Group 4 
| Experimental 12°58 12°29 12°61 12°61 
Total solids | Pre- and post-experimental 12°77 11°88 12°23 12°53 
Fat { Experimental 3°56 3°43 3°48 3°65 
| Pre- and post-experimental 367 3°30 3°32 3°65 
| Experimental 5°06 5°05 5°02 4°99 
| Pre- and post-experimental 4°83 4°78 4°98 
coe ae | Experimental 3°92 3°23 3°39 3°37 
Protein (N x6-39) | Pre- and post-experimental 3°44 3°07 323 3°42 
Ash | Experimental 0°64 0°62 0°63 0°65 
Pre- and post-experimental 0°66 0°64 0°63 0°68 
ie | Experimental 0°163 0°165 o'160 
Calcium (CaO) Pre- and post-experimental 0°175 0°167 
Phosphoric acid { Experimental 0'221 0'224 0'220 
(P,O;) \ Pre- and post-experimental 0°213 0218 O'215 


The figures are stated as averages for two periods; the experimental 
period includes all samples taken between January 6 and March 17: 
the other period includes samples taken on December g and 10 and 
those taken after March 17. 

The total solids showed no appreciable variation, though the milk 
of the cows of Group 2, on silage, is lower in this respect than that of the 
other three groups. ‘This was also the case during the non-experimental 
period and may, therefore, be assumed to be inherent in the group. 

In view of the large variation which may occur in the fat-content 
of the milk of individual cows, there is nothing noteworthy in the 
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fat-contents of the milk of the different groups, which were similar dur- 
ing the experimental and non-experimental periods. 

he protein figures call for no comment, but it should be noted that 
Group 2 showed lower values for this constituent throughout. 

The values for ash and phosphoric acid were constant throughout 
the groups and the periods. 

In calcium-content, however, there is a noteworthy difference between 
groups. The milk from Group 4 (nitrogen-treated, artificially dried 
grass) remained at a slightly higher level throughout the experimental 
period than that of any other group. This is the more remarkable when 
the calcium-content of the milk of this group is compared with that of 
Group 3, the cows of which received non-nitrogen-treated grass. Al- 
though the dried grass which this group received had a ‘calctum-oxide 
content (1:23 per cent.) which was much higher than that of the dried 
grass fed to Group 4 (0°78 per cent.), yet the calcium-content of its milk 
was no higher; it was in fact slightly sla 

Since equal amounts of the two types of dried grass were fed per gallon 
of milk produced, it would appear that the calcium in the ration con- 
taining the nitrogen-treated dried grass was possibly more readily passed 
on to the milk, and to an extent sufficient to outweigh the smaller amount 
of calcium in the ration. 

This is an important point, and emphasizes the desirability of obtaining 
further information as to the different forms in which calcium is present 
in grassland herbage, and their assimilability, together with the effect of 
fertilizers upon the distribution of calcium between these different forms. 


Discussion 


It is evident from the results of this experiment that the inclusion in 
the winter diet of cows of a material rich in carotene reacts favourably 
on the carotene- and vitamin-A contents of the butter. 

The natural colour of the butter, a simple matter to evaluate, is an 
accurate measure of its nutritive value in this respect. Butter of poor 
colour is not, however, necessarily low in vitamin-A content, since 
Drummond and his co-workers [17, 18] have shown that the addition 
of cod-liver oil to the diet of cows producing a butter of low vitamin-A 
content raises the vitamin-A content without changing the pale colour 
of the butter. Nevertheless, in the absence of vitamin A as such in the 
food, and when the animal thus depends upon the carotene in the food 
as a source from which to elaborate this vitamin, then a pale colour 
indicates a deficiency in this regard. The yellow colour of butter has 
always been highly esteemed by the consumer, a fact which has given 
rise to the practice of adding yellow colouring matter to butters of poor 
natural colour, such as are generally obtained during the winter stall- 
feeding period. 

It has not been found possible in this experiment to draw up a balance 
sheet showing the percentage utilization of the carotene of the diet. 

Over 70 per cent. of the production ration consists of dried grass 
and the influence of variations in the proportion of dried grass in the 
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ration, on the colour and vitamin-A content of butter is now being 
investigated. 

The inclusion of grass silage in the ration did not materially improve 
the colour of the butter despite the fact that silage of good quality was 
used during the early part of the experiment. 

It should be noted that the ration of the control group contained hay 
in amounts greatly in excess of the amount of dried grass fed to Groups 
3 and 4. Thus, whilst fresh grass consumed by cows at pasture confers 
on their butter a high content of carotene and vitamin A, the only 
methods at present in general use for the conservation of grass or other 
green fodder for winter feeding, namely, hay-making and grass ensilage, 
result in the practically complete loss of this property, whereas it is 
preserved practically without loss by means of artificial drying of pasture 
grass. By the feeding of such artificially dried grass it is possible to 
obtain, in the winter, butter which in respect of colour, carotene-content, 
and vitamin-A potency, is similar to the butter obtained in summer from 
cows at grass. ‘The efficiency of other methods of conservation of grass, 
notably the A.I.V. process [19], in this respect, is now being investigated. 

The provision of a material capable of raising the carotene-content of 
winter milk, and its vitamin-A potency, is in the interest of the consumer, 
and can be achieved. The desirability of prohibiting the addition of 
yellow colouring matter to mask the deficiency of a butter in natural 
yellow colour and thus in vitamin-A potency, would appear to merit the 
serious attention of the authorities. 

It would appear that in order to bring about the equally desirable 
increase in the vitamin-D potency of the butter, the ration would need 
to be supplemented with some other material, since dried grass is of no 
value for this purpose. . 


Summary 


An experiment was carried out in the winter of 1931-2 with four 
groups of cows to measure the effect of two types of artificially dried 
grass, and of grass silage, on the quality of winter butter and the yield 
and composition of milk, in comparison with a normal winter ration. 

It has been demonstrated that the total yellow colour of butter is very 
closely correlated with its carotene and vitamin-A content, the deeper 
the colour the richer the butter in these constituents. 

During winter the yellow colour of the butter produced from cows 
on a ration of the type in common use fell to a very low level and rose 
again when the cows were turned out to pasture in the spring. 

The inclusion of grass silage in the winter diet did not materially affect 
the total yellow colour. 

Artificially dried non-nitrogen-treated grass fed in the winter ration 
kept the butter at a considerably higher level of colour, though not up 
to that of butter produced on pasture. Artificially dried nitrogen-treated 
grass kept the yellow colour at a very high level throughout the 
winter. 

The yield and composition of the milk were unaffected by the altera- 
tions in the ration, though there are indications that artificially dried 
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nitrogen-treated grass kept the calcium-content of the milk at a higher 
level in the winter period. 

The Reichert-Wollny and Polenske values of the butter were similar 
in all four rations. 

The vitamin-D content of the butters of all four groups was low 
throughout the winter and did not rise till the cows went out to pasture. 

In brief, by the inclusion of a sufficient proportion of artificially dried 
grass in the winter ration of the dairy cow it has been possible to produce 
butter which, in regard to colour and vitamin-A content, is equal to the 
butter produced i in summer from grass-fed cows. 
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THE RELATION OF SOILS TO GRAIN-GROWING IN KENT 
IN THE THIRTEENTH CENTURY 


R. A. PELHAM 
(The University, Birmingham) 


Sratistics of English agriculture in the Middle Ages for an area as large 
as a county are so rare that when they do come to light they are worthy 
of careful study, especially if they relate to the period prior to the Black 
Death. We must not, of course, expect figures of this kind to be in 
any way comparable with those of a modern agricultural census, so any 
conclusions reached can only be of a somewhat general character. 

Military expeditions overseas were common occurrences during the 
reigns of the later Plantagenet kings. Responsibility for raising supplies 
of food and equipment devolved largely upon the sheriffs, and the ac- 
count rolls which they drew up throw a good deal of interesting light 
upon economic conditions of the time. The particular roll on which the 
accompanying map is based records the names and contributions of 
nearly 700 people in Kent who supplied grain in 1297 for an expedition 
to Gascony [1]. The total amounts were: wheat, 2,192; qrs.; barley, 
1,1314g qrs.; oats, 1,498% qrs. 

‘The contributors included both laymen and ecclesiastics, prominent 
among the latter being the Archbishop of Canterbury, the Prior of 
Christchurch, Canterbury, and the Abbot of St. Augustine’s, Canter- 
bury, whose manors were scattered throughout the county. 

Unfortunately, we cannot tell precisely from which villages the grain 
was collected, for the details are given only under ‘hundreds’. Since the 
Kentish hundreds were mostly small in area, however, this is not a 
serious drawback, except in cases where the hundred overlapped two or 
more geological formations. 

The method of representation has been to place arbitrarily in the 
centre of each hundred a circle whose area is proportional to the total 
quantity of grain which the hundred supplied. The circle has then been 
sub-divided radially to indicate the relative amounts of wheat, barley, 
and oats which made up that total. The largest symbol on the map 
(Wingham Hundred) represents 455 grs. made up as follows: wheat 
258 qrs., barley 157 qrs., oats 40 qrs. 

One might add that although the map only gives an idea of crop 
distributions in one particular year there is abundant evidence [2], of 
a nature that unfortunately does not lend itself to mapping in the way 
illustrated here, to show that the map is truly representative of conditions 
throughout the reigns of Edward I and Edward II. 

In spite of its defects, however, the map, when compared with the 
stippled maps in Pryse Howell’s Agricultural Atlas of England and Wales, 
shows that the distribution of the chief grain crops at that early period 
was almost exactly the same as it is to-day. The only important changes 
that have taken place in the meantime are the development of Romney 
Marsh as a sheep-rearing area and the consequent decline in the acreage 
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under cereals. Map 6 in the At/as does at first seem to suggest that oats 
are grown to a greater extent to-day in the chalk zone than they were, 
according to the accompanying map, in the Middle Ages. But we must 
bear in mind that in the former case we are dealing with acreage, whereas 
in the latter the symbols show the approximate production in quarters. 
Further, if we accept the average yield per acre of crops on the Bishop 
of Winchester’s manors in 1299-1300 [3] (wheat 1-35 qrs., barley 1-56 qrs., 
oats I-14 qrs.), we can say that the relatively small quantities of oats 
shown in the chalk-zone in 1297 monaaeet larger acreages than did 
corresponding quantities of either wheat or barley. Consequently, if the 
production figures for 1297 were expressed as acreages on the basis of 
the above yields and then plotted, we should find that the apparent 
anomaly would disappear. 

One cannot emphasize more clearly the marked similarity between the 
medieval distributions and those of the present day than by taking 
expert evidence of modern conditions and seeing how far it applies to 
the map shown here. Discussing the wheat soils of Kent, Hall and 
Russell state that wheat ‘is densest on the deep Chalk loams, the less- 
elevated beds of the Clay-with-Flints, and on the ‘Thanet Sands in East 
Kent, i.e. on the deeper soils that are underdrained by the Chalk 
formation’ [4]. Referring to the barley soils they say: ‘After the Lower 
Greensand [5] the light loams derived from the Chalk are next in favour; 
the most distinctively barley-growing district in the south-east of England 
is the Isle of Thanet. ... In East Kent very fine barley is also grown on 
the Thanet Sands [6].’ Although the authors place the Lower Greensand 
first, their map of barley distribution shows that the acreage under that 
crop is much greater on the Chalk in east Kent than it is onthe Greensand. 

Unfortunately, the authors say very little about the conditions under 
which oats are grown, but they mention the fact that in 1909 oats formed 
59 per cent. of the total acreage under spring corn (barley and oats 
together) in Kent. Reckoning the yield per acre of these crops to have 
been 1-56 qrs. and 1-14 qrs. respectively, the percentage under oats in 
1297 was 64 per cent., a remarkable approximation to the former figure. 

‘Thus we see that in the days before the Black Death, and before the 
great economic and social changes that followed in its wake, crop dis- 
tributions in Kent had become stabilized to a much greater extent than 
is — — recognized. Although the medieval tiller of the 
soil pursued what seem to us to have been very wasteful methods of 
cultivation, he was apparently by no means ignorant of the main soil 
conditions that his cereal crops required. 
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INVESTIGATION OF SOIL PROFILES FROM CYPRUS 
Pt. I, PROFILES OF SOILS OVER LIMESTONE AND SERPENTINE 
A. REIFENBERG and ELINOR K. EWBANK 
(Department of Biochemistry and Colloidal Chemistry, Hebrew University, Jerusalem) 


Object and main results of the investigation—The weathering of rocks 
in Mediterranean lands has been dealt with by one of us in several papers 
[1-5]. In those investigations the problem of red-earth formation was 
the most prominent ; if limestone really weathers to red earth in the way 
that we maintain, then the same weathering process must occur during 
soil-formation from other rocks. 

Unlike the rocks of Palestine, those of Cyprus are not exceptionally 
uniform; they comprise not only marine sedimentary rocks but also 
serpentines, diabase, and andesitic and other lavas; and the most impor- 
tant problems awaiting solution are whether humus plays any part in the 
formation of soils from such rocks in a Mediterranean climate, and 
whether the final products of weathering show an increase or decrease 
of sesquioxides and silica. 

Briefly, we have found that, although there are rich accumulations 
of humus in the mountains of Cyprus, there are no signs of podsol- 
formation. The bleaching process that occurs in cold, humid countries, 
the transport of sesquioxides in humus solutions and their accumula- 
tion at a lower level, cannot occur in Mediterranean countries, where the 
humus is nearly always neutral. ‘The increase of sesquioxides in the soil 
is, in the main, not only relative, i.e. due to the loss of other constituents, 
but also absolute, for their loss from the weathering zone can often be 
observed. Although much silica is carried away from silicious igneous 
rocks, our analyses show that this loss is too small appreciably to diminish 
the silica in the soil; from this standpoint, therefore, the Mediterranean 
climate is not a mean between a temperate and a tropical climate, as 
some authors have assumed. 

Geology of Cyprus.—The geology of the island has been well investi- 
gated by many workers, and notably by Cullis [6], to whom we owe 
most. 

Two mountain chains running from east to west are the main features 
of the island, and between them lies the great plain of Messaoria, which 
is the chief agricultural part of the country. The northern chain is long 
and narrow; the southern one, the ‘T'roédos, lies across the centre of the 
island and spreads out to the north and south. ‘The northern chain, the 
Kerynia mountains, consists almost entirely of steep-sided limestone 
cracks and of marl, which is penetrated here and there by igneous rock. 
‘The southern mountain chain consists of highly decomposed igneous 
rocks, chiefly diabase; serpentine and other igneous rocks occur mainly 
in the centre of the chain; in the north, west, and east, the diabase 
forming the Troddos massive is surrounded by andesitic lava, the ‘pillow 
lava’ of Cullis. The Messaorian plain consists of pleistocene and 
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pliocene deposits, such as sandstone, calcareous sandstone, marl, and 
chalk. In certain places there is an alluvial deposit from the mountains. 
The plains south and west of Troddos consist of tertiary pleistocene 
deposits, chalk, marl, and flints. Along the coast are sand dunes, chiefly 
in the bay of Famagusta and at Morphou. 

Climate.—Temperatures in Cyprus are exceptionally high; unfor- 
tunately, they have been recorded at only a few places. Rainfall is 
heaviest between early November and the end of March; lighter rains 
fall in October, April, and May. From June to September inclusive, 
there is practically no rainfall, but in these months the dew, which is 
often copious, sustains vegetative growth. ‘There are therefore 7-8 dry 
months and 4-5 wet months. Snow lies on the highest points of the 
‘Troédos mountains until May. 

The climate of Cyprus has been well described by Bellamy [7]. 
Certain detailed climatic data are given in the Appendix; those given 
below relate only to the localities where the soil profiles used in this 
investigation were taken: 

TABLE I 


Station for Years of Rain- f 
Height rainfall observa- fall | Mean | Mean 


Profile Place m. calculation tion mm. | yearly winter | Year | Winter 


A Famagusta 23 Famagusta 15 395 19°7 16°4 20 24 
B Kerynia mts. ie Nicosia 15 401 18°8 14°8 21 27 
C 'Troédos mts. 1745 Amiandos 9 989 gl 5°8 120 170 
4 } | Amiandos 1357. Amiandos 9 989 115 8-2 86 121 


1. The rainfall data represent usually the average of fifteen years’ determinations 
(1916-30), as made by the Department of Public Works. The rainfall of Nicosia 
differs somewhat from that given by Hann [8], whose figures relate to an earlier period. 

2. The temperatures given—and hence also the Lang rain-factors—are only 
approximate; they were calculated by adding 0-6 C. for every rise of 100 m. to the 
average annual temperature of 19°6°C., or to the average winter temperature of 
76-3° C. 

Experimental.—The chemical analyses were made by the usual 
methods. Humus was determined by oxidizing with chromic acid; the 
multiplication of the CO, obtained (after subtracting that in the 
carbonates) by the usual factor 0-471 is arbitrary, as we know very little 
of the nature of humus in Mediterranean countries. ‘This uncertainty 
also makes the content of chemically combined water uncertain, as this 
is obtained by difference. Owing to the presence of humus in the soil, 
ferrous oxide had to be determined in the sulphuric-acid extract. We 
agree with Gschwind and Niggli [g] in not laying stress on the accuracy 
of the usual method for determining the degree of weathering, viz. by 
extraction with hydrochloric and sulphuric acids; the suitability of 
minerals for this treatment depends on the condition of their surface, 
&c. The solubility of the sesquioxides in hydrochloric acid, determined 
by the Gedroiz method, can be taken as a rough indication only. 
Grengg [10] has already pointed out that the expression ‘soluble silica’ 
should no longer be used, for even quartz is soluble in caustic soda, if 
ground finely enough. In our opinion, the degree of weathering is 
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better ascertained by determining the proportion of finely dispersed 
(colloidal) particles, and for this we used the electro-kinetic method 
described by one of us [11]. We take as colloid fraction, particles of 
diameter less than 0-001 mm. The rest of the mechanical analysis was 
done by Atterberg’s method. 

For comparing the different horizons of a profile, we give the per- 
centages of the ingredients after deducting the loss of weight on ignition, 
and all the arguments in the text are based on these percentages. ‘To 
establish the chemical changes that take place on weathering, we have 
calculated not only the ratio Si0,/Al,O, (according to Harassowitz) but 
also the ratios SiO,/Fe,O, and SiO,/R,O;, where R,O, stands for all 
the sesquioxides [12]. ‘The changes in these quotients do not always run 
parallel; on the whole the ratio 5iO,/R,O, seems to be the most signi- 
ficant, as sometimes alumina predominates and sometimes iron. 

Hydrogen-ion concentration was determined colorimetrically. Mea- 
surements with the hydrogen electrode gave markedly different results, 
usually in the alkaline direction. We propose to investigate these differ- 
ences at a later date. 


The Weathering of Sedimentary Rocks 
‘Terra Rossa’ 


‘Typical terra rossa is found only here and there on the island. It 
appears to occur most widely in the Messaorian plain, where there are 
outcrops of pleistocene, or pliocene, limestone, and marl; and it can be 
seen from the Nicosia-Morphou railway predominating everywhere up 
to the slopes of the ‘Troddos mountains. A sample taken from there, 
lying on pure limestone, had the typical composition found in Palestine 
and other Mediterranean countries. We also saw typical terra rossa in 
the south, e.g. near Limassol (Ypsonia), and it predominates between 
Kouklia and Famagusta. Further, the oligocene marls and limestones of 
the Kerynia mountains are in places weathered to terra rossa, although 
here the red colour is changed by humus to a dirty brownish-red. 

Generally, the limestones and marls of the plain weather to a greyish- 
brown chalky loam which, in our opinion, is due to the aridity of the 
Cyprian lowlands. ‘The Lang rain-factor, even though calculated on the 
winter rains, never exceeds 30; for the typical terra rossa of Mediter- 
ranean lands it lies between 30 and 60 [1-4]. 

We have examined two red-earth profiles, one from the east and one 
from the north. 


A. ‘Terra rossa’ profile from chalk-pan.—This profile was taken about 5 } 
miles from Famagusta on the Larnaka- Famagusta road ; it was composed of 
I. Calcareous sandstone (pliocene or pleistocene). 
II. Chalky marl, 3 m. 
III. Chalk-crust, 1-2 m. 
IV. Terra rossa, 20 cm. 


‘The chemical analyses, calculated on a basis excluding loss-on-ignition, 
gave: 
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TABLE 2. A. ‘Terra rossa’ profile from chalk-pan (Famagusta)! 


I II III IV 

Calcareous 

sandstone | Chalky marl  Chalk-pan ‘Terra rossa’ 
SiO, . 60°12 40°55 6°50 68°15 
Al, Os 5°68 TE°25 3°28 11°65 
Fe,O . 4°36 5°07 1°34 7°69 
Cae . 26°67 87°50 5°30 
MgO . 2°26 4°89 1°84 
tr. we : 2°37 
Na,O . ‘ tr. 2°79 
SiO,/Al,O, . 18-0 6°3 33 9°9 
SiO,/Fe,O3 . 37°3 21°6 23°3 
Si0,/R,O, . : 2°6 70 
In original samples: 
17°46 23°82 39°26 1°55 
H,O— 3°72 1:06 5°08 


The figures for I, II, and III show a progressive increase of chalk 
and a progressive reduction of silica. The relative increase of other 
constituents of II is doubtless due to a large loss of silica; and this loss 
is most marked in III, where also the greatest increase in calcium 
carbonate is found. In contrast with other chalk-crusts [13], the silica- 
content is fairly high (6-5 per cent.), which is ascribed to the pan having 
been formed from calcareous sandstone and not from pure chalk. ‘The 
other constituents in the chalk-crust have not diminished in the same 
ratio. More silica has passed from the pan into the red earth 1V than 
have sesquioxides. In the red earth itself we find the richest accumula- 
tion of silica and sesquioxides. This accumulation cannot be wholly 
accounted for by the washing away of the chalk, though this may be the 
most important factor. There is also an absolute increase in silica and 
sesquioxides, which can clearly be seen, for the coagulated iron and 
alumina envelop the other soil particles. That the ratio of silica to 
sesquioxides is higher here than in II and III is due to the silica in the 
red earth having changed into an insoluble form and accumulated as 
quartz. The mechanical analysis agrees with this view: coarse sand, 
54°18 per cent. ; fine sand, 3-33 per cent. ; silt, 30-49 per cent. ; colloid clay, 
12 per cent. 

The high proportion of sand compared with that in other red earths 
can only be attributed to a secondary quartz formation, and the silica 
for this must come from the calcareous sandstone or the chalky marl II. 
Pure limestone never forms an earth with such a high proportion of 
silica [14]; only calcareous sandstones do so [3, 4]. ‘The Spanish red 
earths examined by Blanck and Dérfeldt [15] seem, however, to be 
exceptional. ‘The other Cyprian red soils have compositions typical of 
the Mediterranean region. 

' The figures in this and subsequent tables, excepting pH values, are percentages. 
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The red earths, therefore, are not only a residue of the calcareous 
crust poor in silica (III) but, despite the intervening chalk layer over 
1 m. thick, they are organically connected with the lower layers I and II. 
Hence their formation is at least partly due to colloid solutions rising 
upwards. The possibility that colloid solutions of sesquioxides may 
percolate through calcareous rock has been shown by one of us to be 
due to the protective action of colloidal silica [2-4]. 

A ‘decomposition horizon’, such as is typical of laterite formation, 
cannot here exist, as all the constituents of the rock are attacked by 
weathering and no portion is left behind to form such a horizon. 

The rising colloidal solutions of silica, iron, and aluminium oxides 
are then precipitated in the surface layer by electrolytes accumulating 
there; the silica is, perhaps, mainly coagulated by the calcium hydroxide 
dissociated from the calcium bicarbonate. 


B. ‘Terra rossa’ profile on limestone (Kerynia mts.).—A profile was 
taken on the road from Kerynia to Nicosia, about 11 miles from Nicosia. 
It consisted of: 

I. Dense, impure limestone, greyish-yellow with lilac and red veins. 
II. Whitish lilac much-weathered rock with green, red and white 
decomposition products, 85 cm. 

III. Red earth of reddish-brown colour, 65 cm. 

Near the profile is a bituminous limestone from which the impure 
limestone (I) may have been derived. This impure limestone contained 
(per cent.): SiO,, 0-71; Al,O, 0°52; Fe,O5, 0-38; CaO, 54:39; MgO, 1°65; 
K,O, 0-07; Na,O, 1-00; CO;, 43:00; H,O, 0-31. 

Chemical analysis of the constituent layers gave: 


TABLE 3 
B. ‘Terra rossa’ profile on limestone (Kerynia mts.) 
Decomposition- 
Limestone zone ‘Terra rossa’ 
SiO, . 14°74 23°34 45°81 
Al,O; ‘ 181 3°73 13°80 
Fe,O; 10°86 3°54 11°85 
cao . : : 68°26 63°92 2°35 
MgO. 4°00 3°67 5°00 
Si0,/Al,0; 13°8 10°6 5°6 
SiO, /Fe,O, 3°6 17°3 10°2 
SiO,/R,O; 6:6 3°6 
In original samples: 
co . ; ‘ 35°19 29°66 9°96 
H,O— 2°95 3°69 6-69 
H,O-+ O14 2°59 9°04 
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The analytical results show that iron has been removed from the 
weathered zone II and has accumulated in the red earth; also that 
alumina has increased in the earth although there has been no loss in the 
decomposition-zone. ‘The increase of alumina in the soil is possibly 
not due to translocation from the zone of decomposition but to decom- 
position of aluminium silicates in the parent rock I. Whilst the chalk 
is largely retained in layer II, it is to a great extent washed from the soil 
III, or relatively decreased by the silica and sesquioxides. At any rate, 
we find, as in all the red earth examined by us, a marked accumulation 
of silica and sesquioxides in the soil as compared with the parent rock. 
This profile is especially interesting because the limestone contains much 
silica and sesquioxides; it is the first terra rossa profile in which we could 
establish a zone of decomposition. The ratios of silica to iron oxide in 
the three layers show the transport of iron from the zone of decomposi- 
tion and its accumulation in the soil. The behaviour of magnesium and 
alkali metals is contrary to what is usually found; the former increases 
— soil and the latter are somewhat higher in horizon II than in the 
soil. 

Theory of ‘terra-rossa’ formation.—Blanck’s suggestion that red earth 
represents an illuvial horizon caused. by humus [14, p. 229] is, in 
our opinion, untenable for the typical Mediterranean lands. In the 
whole of this vast region there is not a trace of the eluvial A layer, 
whilst the supposed illuvial horizon is often several metres thick. One of 
us has already shown [4] that humus cannot be the determining factor 
in the formation of the Mediterranean red earths, as there is little or 
none of it present, and when it occurs it must be fully saturated by 
adsorption owing to the high alkalinity and salt-content of the soil. We 
wish to emphasize that red-earth formation is to be seen everywhere 
to-day in this country, although Blanck’s hypothetical humus layer is 
nowhere visible. 

Harrassowitz [16], who also regards the south-European red earths 
as illuvial horizons, has latterly [17] inclined to our view of laterite 
formation in some cases. We would add here, however, that it is less 
a question of total alkali in the surface soil than the state in which it exists. 
The potassium and sodium in the rock are present as insoluble silicates, 
and only when these are broken down to form chlorides and sulphates 
do they act as coagulants. We also ditfer from this author regarding 
the part played by pure chalk in the formation of Mediterranean red 
earths [17]. ‘There is no sharp dividing line between the chalk and the 
red earth; the transition is represented by intrusions of red soil that 
contain more or less unweathered fragments of rock. A decomposition 
horizon, such as is typical of many laterite formations, cannot exist on 
almost pure chalk, because all the constituents are weathered to the same 
extent, and no material is left which could form such a horizon. We 
have, however, found one decomposition horizon in a red-earth formation 
over a calcareous sandstone (v.s. profile B). Our investigations in Cyprus 
have confirmed our previous views on red-earth formation, and these 
views appear to be shared by Stebutt and others [18]. 

The Mediterranean climate, with its heavy winter-rainfall and dry 
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period in summer, determines the presence of only very small quantities 
of humus. The large amounts of salt and alkaline earths in the soil 
coagulate the humus and inhibit its protective action on iron compounds. 
The so-called ‘Residue Theory’ is therefore of greatest significance, in 
that the chalk, which is the chief ingredient of the rock, is largely washed 
away during the winter rains, and this itself leads to a relative enrich- 
ment of silica and sesquioxides. Owing to lack of humus and the 
presence of chalk in the rock, the soil is alkaline. In these conditions 
the colloidal silica, which is formed by hydrolysis, peptizes the sesqui- 
oxides from the rock, and protects such oxides as are in solution from 
precipitation by the limestone. Even silica that only contains latent 
alkali and has a slightly acid reaction, has this peptizing effect. There 
is then an exchange: the metal oxide takes the place of the alkali attached 
to the silica micelle, and the soil solution becomes more alkaline. In this 
way sesquioxides which may be positively charged by electrolytes 
become negatively charged by the silica. During the dry season the soil 
solutions ascend. Unlike unprotected sesquioxide sols, which are very 
easily coagulated, those that are protected by silica are much more stable 
and are coagulated only by more concentrated electrolytes, which they 
meet on rising through the soil. ‘The calcium hydroxide that is produced 
by the dissociation of calcium bicarbonate may here play an important 
part. Changes in the concentration of the soil solutions and adsorption 
processes are naturally also operative. On coagulation the sesquioxides 
often envelop other particles of soil and separate from the much more 
stable silica. ‘The presence of ‘free alumina’ or of free iron hydroxide 
thus becomes intelligible. ‘The coagulated particles may in time undergo 
secondary physical and chemical changes, and form chemically well- 
defined and even crystalline silicates. 


The Weathering of Igneous Rocks' 
Serpentine 


We took samples of several soil profiles of serpentine, of which the 
summit of the ‘Troédos mountains consists. This region is of special 
interest, for here, owing to the heavier winter rains and the cooler 
summer, humus accumulates. This applies only to soils that are covered 
by trees like Pinus halepensis, which covers the sides of the Troddos 
mountains. Under this humus horizon there is always a red loamy layer 
of weathered serpentine. Almost everywhere, where for lack of trees 
there is no accumulation of humus, red is the prevailing colour of 
the earth, and only in certain places is it yellowish. The humus layer 
has a slightly acid reaction; in one case the pH was found to be 6:4, 
in another 6-9; in spite of a humus accumulation of over 20 per cent. 
(30 per cent. after deduction of the water), the underlying soils have 
a pH value of over 7-0. These facts are important, as many attribute 
the movement of sesquioxides in the Mediterranean region to the 


' The authors thank Dr. Lawes, of Géttingen University, for his kindness in making 
all the petrographic determinations of the igneous rocks. 
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humus. We have never found a trace of podsol formation; the humus 


layer is sharply separated from the red loam and the weathered 
rock. Since large amounts of humus cause no trace of bleaching, how 
can humus always play an important part in the soil-formation of the 
Mediterranean region when almost everywhere it amounts to less than 
I per cent.? 
: We have examined one humus-free serpentine profile (C) and two 
that were rich in humus (D, E); C was taken from the Troédos moun- 
tains (near Government Cottage); D and E near the asbestos mines at 


Amiandos. The profiles were constituted as follows: 
D E 
I. Serpentine, blue-black, Serpentine like C, Serpentine, pale bluish- 
dense, much-weath- slightly weathered, green with slicken- 
ered, pyroxene and contains much granate sides, pyroxene and 
) olivine visible. and ore. perhaps hornblende. 
II. Decomposition layer, Weathered layer with Weathered zone (a) 
50 cm. greenish rock frag- brownish-black with 
| ments, 12 cm. asbestos veins much- 
weathered, 2 m.; (6) 
yellowish, greatly 
weathered, 60 cm. 
III. Red loam, 15 cm. Red loam, 40 cm. Red loam, 40 cm. 
IV. nt Humus layer, 5 cm. Humus layer, 5 cm. 


The following are the analyses of the various layers on a loss-on- 
ignition free basis: 


TABLE 4 
C. Serpentine profile (Troddos mts.) 


I II Ill 
Decomposition- Red serpen- 
Serpentine zone tine soil 
SiO, . 48°31 49°70 49°19 
Al,O, : 0°46 3°38 6°34 
Fe,0,+ FeO 10°23 18:67 
CaO . re 4°23 
MgO. . . 40°43 34°47 19°87 
. ; 0°59 0°40 
Na,O 1°86 0°89 0°72 
SiO,/Fe,O, 12°8 6:9 
In original samples: 
co, . 1°61 0°39 1°16 
H,O— 1°30 5°19 4°19 
H,O+ 10°51 7°58 8-82 
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I IV 
Decomposition- 
Serpentine zone Red loam | Humus layer 
SiO, 46°87 48°71 46°34 50°52 
Al,O; 3°00 4°25 8-97 8-25 
Fe,O0, + FeO 9°57 8-80 15°46 
CaO tr. tr. 1°70 6°35 
MgO. 41°82 39°91 29°37 17°73 
K,0 Na,O 0°35 0°37 0°62 0°76 
P.O; tr. tr. 0°04 
26°4 19°5 8-8 10°4 
SiO, /Fe,O, 12°9 14°6 8-6 8-6 
SiO, /R,O; 8-7 8-3 47 
In original samples : 
Co, 4°90 0°46 O13 
H,O— 2°28 1°75 6°13 10°08 
H,O+ 8-00 11-81 10°92 17°86 
Humus 2°14 20°80 
pH . 71 6-9 
TABLE 6 
E. Serpentine profile (Main-road Amiandos-Troddos) 
Decomposi- | Decomposi- Humus 
Serpentine tion-zone (a) tion-zone (b) Red loam layer 
SiO, 46°75 46°68 48°10 50°23 
Al,O,; ‘ 1°92 2°61 6°46 
Fe,0, + FeO 8-77 8-91 12°41 12°93 
CaO tr. 0-98 1°59 
MgO . 43°50 44°09 35°56 28°39 
K,0 + Na,6 0°30 0°65 
P,O; 0°03 0°07 0-08 
SiO,/Al,0, 41°4 13°2 
SiO0,/Fe,O, 13'8 10°2 10°2 
In original samples : 
Co, . 0°05 0°72 1°17 0°04 
H,0O- 2°04 2°51 4°63 4°53 10°41 
H,O+ 11°38 12°55 11°59 10°37 19°80 
Humus 2°33 23°40 
pH 7% 7:0 7% 


TABLE 5 


D. Serpentine profile (Amiandos) 
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Summary of the Processes of Soil-formation over Serpentine-—The 
weathering of serpentine takes place in exactly the same way whether 
humus is present or not. ‘The serpentine weathers so that the structure of 
the rock can still be seen, and over this lies the red loam which is only 
covered by humus under trees. The red colour of the soil sometimes gives 
place to a yellowish-brown, due to different states of oxidation of the iron 
present. ‘The humus layer is weakly acid and the red ‘accumulation’ zone 
is weakly alkaline. ‘The serpentine undergoes much chemical change on 
weathering. Magnesium silicate is much hydrolysed and this causes a loss 
of about one-half of the original magnesia. ‘The calcium disappears entirel 
from the weathered zones and accumulates in the soil as carbonate, dihenah 
to some extent this increase may be due to translocation from elsewhere. 

As everywhere else in the Mediterranean region, during the winter 
rains the products of weathering are washed downwards in solution, 
whilst in summer the colloidal solutions are drawn upwards. Owing to 
the action of electrolytes and the concentration due to evaporation, the 
iron, alumina and silica are coagulated and retained in the soil. Although 
the alumina exists in smaller quantities, it accumulates relatively more 
than the iron. This increase is not caused by the loss of other compon- 
ents. Owing to the multiplicity of processes that occur in the weathering 
zone, the loss of sesquioxides there is not always apparent, but in one 
profile we founda loss of alumina, and in another, of iron. Accumulation of 
sesquioxides can also take place through some of the rock being entirely de- 
composed and its ingredients being completely carried away. From the 
colloidal solutions produced the sesquioxides would be coagulated first, 
and in this way an accumulation would take place in the soil although no 
weathered zone remains. Although much silica is washed away from both 
weathering zone and soi], we always find a slight increase of silica in the 
soil when the loss of weight on ignition is taken into account. 
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Below are given the mean temperatures over 22 years at the places 
mentioned, together with the rainfall, according to Hann: 


Locality Kyrenia 
Altitude 20m. 
January 
February 12°5 
March 14°4 
April . 17°4 
May 21°3 
June 25°5 
July 28°3 
August 28°3 
September 
October 22'8 
November 
December 14°0 
Year 19°9 
January 115 
February 83 
March 48 
April . 25 
May 20 
June 4 
July ° 
August o 
September 5 
October 2 
November 98 
December 117 
Year 544 
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APPENDIX 


Nicosia 
150m. 


Temperature and Rainfall in the Plains of Cyprus 


Larnaca 
Tom, 


TEMPERATURE (° C.) 


9°5 
10°4 
12°7 
16-7 
21°0 
28°3 
25°3 
21°4 
15°3 


12°5 
14°5 
25°5 
27°6 
27°9 
26:0 
23°2 
17°8 
13°7 


19°9 


RAINFALL (mm.) 


Papho 
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EXPERIMENTAL METHODS FOR THE STUDY OF SOIL 
CULTIVATION 


B. A. KEEN 
(Rothamsted Experimental Station) 
WITH PLATE 9 


Introduction 

In all countries that now have a developed agricultural system, the 
various cultivation operations, and the implements needed, were 
empirically evolved at a relatively early date. Hence the efficiency of 
the operations has, with good reason, been implicitly accepted by 
agriculturists, and in the host of agricultural experiments of all kinds 
now on record, little or no reference is made either to the preparation 
of the land, or the possible effect on the results of the kind of tilth 
actually obtained. It is not suggested that this is a vital, or even an 
important, omission in many experiments, since—to take the common 
case of manurial trials for example \ signed to ascertain the 
comparative yields from different manurial nna 0 and it is tacitly 
assumed that the influence of cultivation operations will only affect the 
general level of yield from the whole experiment. Nevertheless, obscure 
interactions between the cultivation operations and the various manurial 
combinations under trial may occur, and thus produce a differential 
effect on the yields. 

So far as experiments on cultivation are concerned, the majority refer 
to the effect on yield of simple changes in the depth, frequency, and time 
of incidence of standard operations such as ploughing and harrowing. 

The direct study of cultivation processes has only recently been taken 
up in any detail. Apart from the obvious factor of weed-destruction, we 
may regard cultivation as a mechanical aid to the formation of the small 
soil aggregates —or crumbs, or ‘compound-particles’—that are character- 
istic of a soil in good tilth. The primary effect is a disintegration of large 
pieces of soil into smaller ones. ‘The experiments! on which the present 
paper is based, deal with this aspect of the problem, in relation to differ- 
ent implements and weather conditions. The conclusions refer only to 
the Rothamsted soil—a medium to heavy clay loam containing numerous 
flints—under a temperate climate with a well-distributed rainfall. As it 
is desirable that experiments should also be done under different 
conditions of soil and climate, certain important details of experimental 
procedure are included in this paper for guidance. 


Methods of Experiment 
The design of a cultivation experiment in conformity with statistical 
requirements presents certain minor difficulties. A compact group of 
plots, either as a Latin Square or a randomized block is not always 
feasible; a headland is needed at each end of a plot for turning the 
implement and, when ploughing is under investigation, there are, 


™ Keen et al.: J. Agric. Sci., 1930, 20, 364-89. 
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occasionally, difficulties connected with the casting and gathering of the 
furrows across the ‘lands’. The latter problem can usually be met by 
arranging the width of each plot to be just under one-half of a ‘land’, so 
that the half-ridge and the half-furrow of each half-land fall in the narrow 
strips bordering the actual plots, which are later used as dividing paths; 
thus, any irregularities of crop-growth due to the ridge and the furrow 
are excluded automatically from the experiment. It is desirable to reduce 
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P = ploughed; S — rototilled; Su = shallow (34’-4"); D = deep (7”-8”); R = rolled in spring; 
H = harrowed in spring ; O — not rolled or not harrowed. 
Shaded half-plots receive 1 cwt. sulphate of ammonia in spring. 


Fic. 1. Design of a cultivation experiment. 


to a minimum the gradual slope of the soil from the open furrow to the 
ridge. A one-way plough can sometimes be used with advantage. 

‘The most satisfactory arrangement is to employ long narrow plots 
side by side, with a headland at each narrow end. Alternatively, two or 
more rows of such plots can be used, with common headlands between 
the rows. Fig. 1 shows the design, drawn up by the Statistical Depart- 
ment, for a cultivation experiment on wheat laid out at Rothamsted in 
the present season. ‘There are 48 plots in two rows of 24, and each plot 
is 125 links x 20 links (1 link = 0-66 ft.). The four winter treatments 
under test were deep and shallow ploughing, deep and shallow roto- 
tillage; on these, certain spring cultivations and manuring are super- 
imposed. By confounding with block differences certain of the less 
important high-order interactions, the experiment was reduced to six 
randomized blocks of eight plots each, with a total area of about 1-3 
acres. 
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It is desirable—especially in an uncertain climate—that the size and 
complexity of the experiment should be such that it can be executed in 
one day with the labour and supervision available, since if rain falls 
before the cultivations are completed, the character of the tilth on the 
plots cultivated after the rain may differ from that on the others. 
Further, the experiment should be begun whenever possible in reason- 
ably settled weather, to meet the chance of unavoidable delays in com- 
pleting the cultivations. Thus, in the Rothamsted experiment, already 
mentioned, the 24 plots scheduled for horse- ploughing were comfortably 
finished by one team in the day; the rototilled plots required a portion 
of the following morning for completion, partly owing to delays caused 
by tine breakages, but mainly because of underestimation of the time 
needed for the 12 plots subjected to deep rotary cultivation. 

The possibilities of errors and delays are much lessened if all prelimi- 
nary operations connected with the siting and marking of the plots are 
carried out beforehand, and if one assistant is allotted the sole task of 
supervising the cultivation teams and their drivers to ensure that all 
plots receive their correct cultivation treatments. 

The main experimental measurement made on the cultivation plots is 
the degree of mechanical comminution of the soil produced by the 
implement. Samples of soil are taken immediately before and after the 
cultivation, and each sample is passed through a nest-of graduated 
sieves, and the weight of soil remaining on each sieve is measured on 
a spring balance. Samples are taken with a flat-bladed spade. ‘The 
equipment is shown in Fig. 2 (Plate g). ‘Three of the sieves have 
square apertures of 1-5, 0-5, and 0-25 in. side; the fourth is more con- 
veniently made from the usual 3 mm. round-hole perforated brass sheet, 
and can be taken as approximately equivalent to o-1 in. square mesh; 
the remaining unit collects all soil passing the fourth sieve.' 

In taking a pre-cultivation sample, a block of soil is isolated by making 
four vertical cuts with the spade and it is then removed by an approxi- 
mately horizontal cut at the depth to which cultivation will be given on 
that particular plot. The aim is to isolate the block with the minimum 
of either compression or rupture. ‘The block is gently transferred from 
the spade to the topmost sieve, and the whole nest is rotated to and fro 
about its axis for a short while. It will be found that the sieving of a 
sample is completed quickly; the greater bulk of the soil passes through 
to its final position in the first few rotations of the sieves. ‘The soil on 
each sieve and in the pan under the smallest mesh sieve is then trans- 
ferred to sheets of stout paper and weighed separately, giving five 
groups: (a) lumps greater than 1-5 in. square; (b) between 1-5 and o°5 in.; 
(c) between 0-5 and 0-25 in.; between 0-25 and o-1 in.; and less than 0-1 in. 

The post-cultivation samples are similarly dealt with, except that the 
four vertical cuts can usually be omitted. 

In any sample some of the lumps are only weakly coherent, and would 
quickly split along lines of weakness into smaller fragments, even if left 
undisturbed. The gentle action of sieving resolves such lumps into their 


' Sets of sieves to these specifications are obtainable from A. Gallenkamp & Co., 
Ltd., 19-21 Sun Street, Finsbury Square, London, E.C. 2. 
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constituent parts. Thus, although the sieving data give a higher degree 
of fragmentation than exists in the soil sample before sieving is done, 
the value is more representative of the actual condition of the soil. 

Care must be exercised when taking the post-cultivation samples not 
to trample unduly the freshly cultivated soil. If most of the samples 
are taken before the cultivation of the plot is completed, it is not neces- 
sary to stand on the cultivated soil at all, either to take the sample or to 
sieve it. If the cultivation of a plot is completed before all the post- 
cultivation samples have been drawn, the paths between the plots should 
be used for access to a point near which the sample is to be taken. 

It is necessary to take a number of samples to obtain a reliable average 
result, as, owing to soil heterogeneity,' considerable variation is found 
in the values for individual samples. In an experiment with the number 
and size of plots shown in Fig. 1, not less than two pre-cultivation and 
two post-cultivation samples per plot is desirable. 

In the Rothamsted experiments an appreciable proportion of large 
flints is occasionally left on the upper two sieves. On the whole it is 
better that these should be discarded before weighing the sieve contents. 

The weighings are not corrected for the soil-moisture present, as this 
does not affect the comparisons between the pre-cultivation and post- 
cultivation results. Separate samples are taken for determination of 
moisture-content, primarily for the purpose of facilitating comparisons 
of sieving results in different seasons. They also serve to show whether 
there is any appreciable variation in moisture-content over the area 
under experiment; normally, only insignificant variation is found. 

It is important that the sieving tests, like the cultivations, should be 
finished in a day. The experiment illustrated in Fig. 1 was well within 
the capacity of three teams of workers. A specific allocation of duties 
between the members of a team is essential for avoiding errors in sampling 
and recording. A team should consist of three workers: one to take the 
samples, a second to sieve and weigh them, and a third to record the 
weights and the reference letters for plot and sample. 

In order to avoid delay to the cultivating teams, samples may some- 
times have to be accumulated faster than they can be sieved and weighed. 
In such a contingency, the third member of the sieving team is able to 
give assistance in sampling, and also to ensure the correct identification 
of the accumulated samples. In general, it has been found that two 
teams of three workers can deal with the same number of samples as 
three teams of two workers, and with less chance of mistakes. 

Fig. 3, which illustrates the kind of information given by sieving 
records, has been constructed from data obtained under very different 
conditions. The values for 1926 were obtained during an experiment on 
spring cultivation, following a hard frosty winter; those for 1928 refer 
to a similar experiment following a wet open winter. The experiments 
were not done on the same field, but in mechanical composition and 
physical behaviour the soil in the two fields is practically identical. 
Comparison of the pre-cultivation results for 1926 and 1928 clearly 


* See Keen and Haines, ¥. Agric. Sci., 1925, 15, 375-406; and Keen and Cashen, 
JF. Agric. Sct., 1932, 22, 126-34, for experimental evidence on this point. 
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shows the predominant influence of weather conditions on tilth. In 1928 
the drastic action of a combined rotary cultivation and ridging was needed 
to produce about the same final disintegration as was achieved in 1926 
merely by the gentle action of sieving the pre-cultivation samples. ‘The 
1926 results show that the soil was already in excellent condition before 
the cultivations and hence almost any form of stirring would have been 
capable. of producing a satisfactory tilth. In 1928, on the other hand, 
the soil contained a predominance of large coherent lumps. It will be 
observed that the ridging or bouting plough is a very effective implement 
for producing soil disintegration—more so than rotary cultivation in this 
— 15’ and 

/ 


/ ~~ 77 
VA 
/ 


05-025" 


4 
/ 
/ 
4 
4 
4 
iy 


~~ 


. Y / WZ 
<— 025" 01 WA. 
Z 
below 
Rotary Ridging Pefore Sizes of Before Ridging Rotary Rotary 
culti- plough culti- soil groups culti- plough culti- and 
vation vation vation vation ridged 
1926—after good winter 1928—after bad winter 


Fic. 3. Percentage disintegration by sieving tests, showing effect of weather 
and cultivation on soil. 


experiment. This action of the ridging plough has also been observed in 
other experiments; it is in contrast with the ordinary plough which, 
unless it is of the concave or ‘digger’ mouldboard type, is used primarily 
as a means of inverting the soil. With the ordinary plough a relatively 
small amount of soil disintegration is produced. ‘The results with rotary 
cultivation in these and other experiments show that it does not produce 
a much finer tilth than other implements, as is commonly supposed. 
The essential feature of the tilth is that it is very much looser: in the 
Rothamsted experiments, a tilth nearly 6 in. deep is produced when the 
depth-shoe is set to give the tines an entry of 3-3} in. This loose tilth 
is, in the great majority of cases, an encouragement to early and more 
effective germination, and to the early growth of the plant. On the other 
hand, spells of heavy rain accentuate the natural tendency of the loose 
tilth to settle into a hard unkindly compactness, and the later stages of 
growth are hindered, so that the yields at harvest do not usually reflect 
the initial superiority in the early growth of the plant. 

Fig. 3 and the numerical data from which it was drawn give five 
percentage numbers for each form of cultivation under test. It is often 
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convenient to replace these numbers by a ‘single-value’ giving an approxi- 
mate measure of the total fragmentation. For this purpose a surface 
factor can be used which gives a rough measure of the total surface of 
the soil fragments. ‘The lumps are assumed to be cubical, and the average 
length of side in any fraction is taken as midway between that sieve- 
aperture and that of the next larger sieve. The cube sides are then 
approximately 0:05, 0-2, 0-4, and 1:0 in., whilst for the pieces on the 
largest sieve an arbitrary value of 2 in. is assigned, since their contribu- 
tion to the total surface area is small. 

A simple calculation shows that the surface area of a given fraction is 
proportional to the percentage weight of that group divided by the 
appropriate cube side. ‘The sum of the surface areas for each fraction 
represents the single-value figure for the complete sample. It will be 
observed that the single value is weighted in the direction of the smaller- 
sized particles. 

Finally, the size of sieves chosen as most suitable for moist temperate 
conditions and medium to heavy soil may need modification for other 
soils and climates. ‘The main pcint to observe is that unduly fine meshes 
should not be chosen, since the idea of the measurement is to obtain 
a value for the mechanical disintegration produced by the cultivation 
implement. Apart from this, the work of sieving with fine meshes would 
occupy too long a time to be fitted easily into the design of most cultiva- 
tion experiments. 


(Received April 7, 1933) 
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CULTIVATION PROPERTIES OF ‘TROPICAL 
RED SOILS 


F. HARDY 
(Imperial College of Tropical Agriculture, Trinidad, B.W.1.) 


Introductory: General Description of Some Examples 


Ir must have been the common experience of many tropical agricul- 
turists that red soils generally possess field properties quite distinct 
from those exhibited by brown and grey soils occurring even in the 
same district. ‘The writer’s attention was drawn to this distinction many 
years ago in Barbados, where residual red soils overlying and deriv ed 
from coral limestone occur in regions of highest elevation and greatest 
geological age. Here, the red sugar-cane lands frequently show a remark- 
able natural crumb structure, which appears to be enhanced by tillage. 
Although many of the Barbados red soils may be classed as agricultural 
clays, their free drainage presents a striking feature, enabling the land 
to be ploughed or forked very soon after heavy rains have fallen. 

It is only in recent years, however, that the peculiar physical properties 
of red soils have been specifically stressed in the literature of soil science. 
Although red soils were differentiated from other types by Hilgard, in 
his book Sozls, few early writers gave any special consideration to them 
and none attempted to explain their peculiarities in terms of physico- 
chemical composition. During the past fifteen years, however, red soils 
have been studied in greater detail, particularly by workers in the tropics 
and sub-tropics. The following selected references to some of the more 
recent work will serve to indicate the scope of the various contributions, 
and the opinions of various authorities. 

Hawati.—The soils of Hawaii have been studied by several investi- 
gators, particularly by Burgess [1], who has stressed the peculiar features 
of dark red soils derived from basaltic lava. ‘These soils are described 
as light and easily worked. Although clay-like when wet, they drain with 
great facility, and do not become compacted on drying, so that they may 
be tilled under conditions of rainfall impossible with clay soils of temper- 
ate regions. ‘Their pore space is exceptionally high, and their high degree 
of aeration encourages root-development of sugar-cane, which produces 
large crops as a direct result of the effects of these desirable physical soil 
properties. 

South Africa—Some ‘Transvaal red soils (derived mainly from 
dolerite) have been described by Marchand and his collaborators, in 

various papers published in 1924 and 1925 [2]. ‘These soils have been 
contrasted with grey and black soils as regards physical properties. 
The red soils ‘show on mechanical analysis much higher percentages of 
clay than one would suppose them to contain, judging from their 
behaviour in the field’, and thus ‘it is evident that the finely-divided 
hydrated ferric oxides which form such a considerable portion of the 
clay fraction do not behave as clay’. “Ihe grey and the black soils swell 
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up enormously when wetted, while the red soils do not expand to any 
great extent, and have a much lower water capacity and pore space.’ 
“The field behaviour is also quite different. ‘The red soils assume under 
proper cultivation a granular structure, and some of them have even 
been described by casual observers as sandy soils.’ 

The peculiar properties of iron oxide in the red soil are regarded by 
the South African investigators as responsible for these differences. 
‘Not only do the ferric hydroxides have a flocculating effect on the clay, 
but a considerable portion of the so-called clay consists of ferric 
hydroxides or oxide which has not the properties of true clay.’ 

The coefficient of expansion of the Transvaal red soils on wetting 
varies from 4 to 14 per cent., whilst the black and the grey soils, contain- 
ing the same range of clay, show expansions varying from Io to over 
45 per cent. of their original volume. 

Central America.—In a paper published in 1926, H. H. Bennett, of 
the U.S. Bureau of Soils [3], compared some of the physical properties 
of humid tropical and temperate American soils, and attempted to corre- 
late them with the chemical composition of representative samples. ‘To 

uote from Bennett’s paper, ‘In extensive areas from Guatemala to 

Cohemsibie, the soil consists of red, buff, and ochreous-yellow (mostly 
red) clay, showing frequently no conspicuous physical difference from 
place to ‘place, even though there is wide variety in the underlying rocks.’ 
The chief characteristics of these Central American soils comprise 
‘(a) greater friability and permeability than is commonly found in fine- 
textured soils of similar origin in the temperate zone, (6) the develop- 
ment of uniform red, yellow, and buff colours, and (c) exceptional profile 
uniformity.’ Zonation is only faintly developed, a feature ascribed by 
Bennett to difficulty in elutriation and eluviation of the finer particles 
of these peculiar soils, which are immiscible with water, and therefore 
resist downward transportation into subsoil layers. 

The soils of eastern Costa Rica are so open and flocculent that ‘rain 
water rapidly passes into and through the ground; and the soil exhibits 
such slight stickiness that the land can be ploughed during or immediately 
after a heavy rain to form a very granular tilth’. The texture is exceed- 
ingly fine (only 0-7 per cent. of the soil consists of particles coarser 
than silt), yet ‘it is as friable as the mellow est loam, and, in the practical 
sense, is not susceptible to erosion’. 

C hemically, the friable soils ‘show a tendency towards an end-product 
having relativ ely low contents of silica and of bases, and comparatively 
high contents of iron and alumina’. Chemical analytical data for 24 
representative samples taken from 7 soil profiles occurring in Honduras, 
Nicaragua, Costa Rica, and Panama, yield molecular ratio values for 
silica/sesquioxides that lie between 0-15 and 1-96 (average, 1:25). On 
the other hand, silica sesquioxide ratios tor non-friable oe American 
soils (24 samples) range on 2-00 to 11°60 (average, 3°71). In general, 


the higher the ratio, the more sticky and plastic is the Ee an observation 
which substantiates the less extensive previous data published by van 
Bemmelen for Javan soils, and later data presented by Joseph for 
Sudanese clays, and which is in accordance with results tabulated by 
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Bennett for certain soils of the humid south-eastern region of the 
United States. 

Cuba.—Bennett’s description of tropical Central American soils was 
followed by the publication, in 1928, of the results of his extensive 
investigations (with R. V. Allison) of the Soils of Cuba [4]. The range 
of Cuban soils is wide; at one end of the series, red (‘sesquioxide’) soils 
having low silica/sesquioxide molecular ratios (e.g. Nipe Clay; ratio, 0-31) 
are characterized by pronounced friability, and, at the other end, brown, 
yellow, and grey (‘siliceous’) soils, having high ratios (e.g. Truffin Clay; 
ratio, 1-90 or over), exhibit high plasticity, stickiness, shrinkage and 
cracking on drying. Certain intermediate types (e.g. Limones series; 
ratio, 1°73), although red in colour, are siliceous in composition; they 
also are somewhat plastic and sticky. 

A very extensive type of red soil occurring in Cuba is the Matanzas 
Series, derived from calcareous rock. “This remarkable type, although 
containing in places more than go per cent. of clay, is so open-natured 
that it frequently takes up and rapidly disposes of nearly the entire rain- 
fall, which in places exceeds 70 in. annually. Furthermore, it often shows 
no visible change in colour, texture, or stickiness from the surface to the 
underlying limestone rock at depths in places exceeding 25 ft.’ The Nipe 
soil-type (derived from serpentine rock), already mentioned, is still more 
remarkable. ‘The profile is uniform, often to a depth of 50 ft., and the 
soil ‘is so friable and absorptive of moisture that pick marks exposed in 
sections to months of rain continue to stand out in almost perfect state 
of preservation, showing the negligible importance of erosion. Nowhere 
has a soil been found which shows a stronger resistance to erosion.’ 
On the other hand, there occur in Cuba large areas of clay soil which are 
wholly different from the friable red types. These soils contain often 
more than 70 per cent. of clay, and are ‘extremely plastic and sticky 
when wet, become extraordinarily hard, and shrink and crack violently 
on drying; they are relatively high in silica and low in iron and alumina, 
and show important physical zonation and chemical changes downward 
through the vertical section’. Subsoil conditions, which control the 
success of cultivation methods in Cuban sugar-cane lands, naturally 
differ enormously in the different soil-types. Thus, in the Matanzas red 
soil, ‘tillage can safely be carried to great depths, although not generally 
needed beyond depths of 12 to 16 in., because of the good natural 
permeability of the soil’. The soil, moreover, ‘can be cultivated within 
a few hours after saturating rains, without ill effects, and without 
exhibiting undue stickiness’. 

Barbados.—The writer’s experimental results for a typical Barbadian 
red clay soil, derived from coral limestone, are brought together in the 
accompanying table, where they are compared and contrasted with 
results obtained for a red soil derived from andesite in Dominica and 
for two grey soils occurring in Antigua. ‘They indicate differences 
similar to those indicated by Marchand for the soils of the ‘Transvaal, 
described in a previous section. 

Recent work by Saint [5] has further characterized the red soils of 
Barbados. Clay fractions separated from red and black soils showed 
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silica/sesquioxide molecular ratios of 1-91 and 2-09 for the red soils, and 
2:19 and 2-21 for the black. The black soils possess a greater base- 
exchange capacity than the red and, in each case, calcium comprises 
above 70 per cent. of the total exchangeable bases. On the other hand, 
the two types have almost identical mechanical composition (silt-and- 
clay content). “The behaviour of the red and black soils in the field, 
however, is more in accordance with their base-exchanging properties, 
and, from the practical standpoint, the red soils would be judged to have 
less colloidal properties than the black; they are more easily worked after 
rain than the black soils, and they are more quickly affected by drought. 
It appears that the inorganic colloidal matter of the red soils is of a differ- 
ent nature to the inorganic colloidal matter of the black soils; this matter 
is being further investigated.’ 


Comparisons between Red and Grey Soils 


Sesquioxide soils Siliceous soils 
Antigua 
Antigua grey soil 
Chemical and Physical Soil Barbados Dominica _ grey soil (non- 
Constants red soil red soil (calcareous) calcareous) 
Molec. ratio; silica/sesquioxides 1°82 1°65 5°25 4°83 
Mechanical composition (silt 
tclay %) . 75°0 70°0 63:0 62:0 
Relative settling rate (water- 
Moisture-content at sticky point 
. 9°3 45°9 46°7 
Hygroscopic coefficient (H) ; 20°6 17°8 
Vesicular coefficient (P/H) 2°4 38 36 
Maximum _water - retaining 
Shrinkage coefficient (linear °,) 8-6 10°2 $2°5 127 
Volume-expansion (box) . 23°2 61°3 66°8 
Crushing stress (kg.) kneaded; 
dry . : 35°0 120°6 126°6 
Crushing stress (kg.) unkneaded ; 
granular : 4 nil 12°9 30°2 
Parting stress (kg. sq. in.), moist 21 
Parting stress (kg. sq. in.), oven- 
dry. . 3°6 1°7 9°6 
Green and Ampt percolation 
constants: 
Dist. (cm.) traversed in 10 hrs. . 23°4 12°4 68 1°9 
Permeability constant for water . 0°47 0°06 


Australia—In a recent bulletin describing the soils of Australia, 
Prescott [6] states that deep-red loams, derived principally from basalt, 
occur within a zone of high rainfall in the east of the continent. ‘These 
red soils contain a high proportion of fine particles, yet they are ‘highly 
permeable, and possess a loamy texture; they are usually very deep and 
uniform, the parent basalt in many cases being 50 to 80 ft. from the 
surface’. Prescott ascribes their high permeability to ‘the flocculating 
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effect of the free ferric hydroxide on the clay, a presumption which can 
be proved qualitatively by treating these soils with a reducing agent, 
such as zinc and dilute sulphuric acid; the iron is removed under these 
conditions, and the soils become much more plastic’. Sandy soils, 
derived from laterite, occur extensively in Western and Northern 
Australia. Prescott considers the soils of the western region as ‘fossil 
podsol’; they are said to cover both granite and sedimentary forma- 
tions. 

East Africa—Robinson [7] mentions some unpublished results 
obtained by Milne for red soils of Tanganyika, two of which ‘do not 
indicate a pronounced laterite development’, but the third ‘indicates 
a definitely lateritic type of weathering complex’. Gracie [8] has 
described the red soils of Kenya, which occur in the highland districts, 
where they are sometimes employed for growing coffee. The red soils 
are stated to be very absorbent, and to behave in the field as loams, 
although appearing from mechanical analysis to be heavy clays. 
Hornby has studied some soil series of Nyasaland, including the 
Cholo red loams, whose deep subsoils ‘may consist almost entirely of 
kaolin and quartz’, and the Zomba soils, considered to be semi-humid 
lateritic soils. He considers that the colloidal iron-oxide component of 
these red soils, ‘by flocculating the clay proper, often causes the soil to 
appear much sandier than it really is’ [9]. 

West Africa—The laterite and lateritic soils of Sierra Leone have 
been.discussed by Martin and Doyne [10], mainly with regard to the 
chemical aspects of their formation from norite. The results of these 
studies have greatly stimulated the investigation of tropical red soils 
within the British Empire. Similar soils probably occur within other 
humid regions of equatorial West Africa, but they appear so far to have 
received little detailed consideration. 

India.—Soils that may be laterite, and lateritic types, appear partly to 
occupy the southern area of the peninsula, and also to occur in Assam 
and near Bombay; similar soils also occur in Ceylon. Detailed informa- 
tion regarding their origin and field behaviour seems, however, to be 
lacking, although the recent work of Eden in Ceylon [11] has indicated 
that, in some respects, certain tea soils of that country somewhat 
resemble the lateritic soils of Sierra Leone. 


Classification of Red Soils 


Following modern authorities [7, 12], red soils may broadly be classi- 
fied according to the degree of hydrolytic weathering, and the nature of 
the parent rock, and according to their chemical composition, into the 
following main types: 


A. Red soils derived chiefly from basic and intermediate igneous and meta- 
morphic rocks. 


1. Laterite soil. 
2. Lateritic soil (red earth). 
3. Red loam. 
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B. Red soils derived from calcareous rocks. 


4. Tropical limestone soil. 
5. Terra rossa. 


C. Red soils derived from sedimentary rocks. 
6. Soil whose parent material is red. 


A brief description of the chief features and probable mode of origin 
of these soil-types may aid in a better understanding of their chemical 
relationships and physical properties. 

1. Laterite soil—This is directly derived from laterite, which may be 
regarded, according to the simplest pedological definition, as a residuary 
rock produced by the weathering in hot humid climates (usually exhibi- 
ting alternations of wet and dry seasons), of basic and intermediate 
igneous rocks chiefly. It consists essentially of sesquioxides of iron and 
aluminium (particularly hydrated alumina, of which gibbsite Al,O;.3H,O, 
and diaspore, Al,O,.H,O, are types), together with secondary crystal- 
line quartz and certain other less characteristic components, such as 
manganese oxide and titania. Kaolinitic minerals are generally absent, 
and may indeed never have been formed, even as intermediate products 
[13]. The structure of laterite is typically vesicular, vermicular or slaggy. 
The rock may be soft, but may harden on exposure, probably because 
of dehydration or of molecular rearrangement (ageing) of colloidal 
hydrous iron-oxide components. Chemically, therefore, laterite is 
characterized (a) by a low silica/sesquioxide ratio, (b) by a relatively high 
content of combined (constitutional) water, which, in the purer gibbsitic 
types of laterite (bauxite), may approximate to 33 per cent., and (c) by 
the almost complete absence of oxides of alkali and alkaline earth metza!s, 
and magnesia. Laterite soils are therefore generally infertile, and are 
seldom cultivated. They are not usually colloidal, and are porous and 
sandy in texture. Their distribution appears to be limited, and few 
examples have been accurately described. 

2. Lateritic soil (red earth).—The origin and relationship to laterite of 
this soil-type are still largely subjects of conjecture, although evidence 
has been recently adduced that red earth may be derived from laterite 
by a process of re-silication by ascending ground water [13]. Chemically, 
red earth is characterized (a) by a relatively high silica/sesquioxide ratio, ' 
due to the presence of alumino-siliceous minerals, (b) by a medium con- 
tent of combined water, and (c) by low contents of bases. Frequently, 
small shot-like concretions, consisting of iron oxides, together with other 
components of laterite in smaller amount, occur throughout the profile, 
particularly in its upper layers, and especially when the soil has been 


' For characterizing laterite soils, Martin and Doyne [10] suggest a silica/alumina 
molecular ratio less than 1°3, and for /ateritic soils, a ratio greater than 1-3 but less than 
2:0, for the clay fraction. Other investigators suggest silica/sesquioxide ratio (involving 
both iron oxide and alumina) [7], and others prefer to analyse the whole soil rather than 
the clay fraction [13]. Separate determination of free quartz, in addition to combined 
silica, has also been advocated [13]. Silica sesquioxide molecular ratios greater than 
2°0 may provisionally be taken to indicate ‘siliceous’ types of soil, in which alumino- 
silicates minerals are preponderant [7]. 


| 
| 
al 

ra 

R 

ar 

A 

pe 

m 

fr 

re 

Ww 

in 

sil 

th 

ch 

or 

in 

Vi 

tr 

m: 

OX 

ral 

Ox 

co 

en 

Ov 

as 

cle 

sol 

tio 

res 

th: 

m: 

ge 

fer 


CULTIVATION PROPERTIES OF TROPICAL RED SOILS 109 


exposed to downward leaching. In extreme cases, leaching may result 
in podsolization, yielding a quartzose, bleached, surface layer, under- 
lying vegetable litter. Red earth is very deep, and often fairly fertile; its 
physical properties have already been described by reference to examples 
that occur in many humid tropical countries. 

3. Red loam.—This may be regarded as an immature lateritic type of 
soil, in which siliceous minerals greatly predominate, and sesquioxides 
are subsidiary [7]. It is characterized chiefly by a high silica/sesquioxide 
ratio, which may approximate to that of typical temperate brown earth. 
Red loam is often fertile and deep; plastic and cohesive when wet, but 
hard and cloddy when dry. The lower layers may be mottled, and yellow 
or pink in colour. 

Red loams frequently develop in regions of relatively low rainfall 
and low temperature, such as obtain in parts of East Africa (‘Tan- 
ganyika, Uganda), and even in the south-eastern United States of 
America (Carolina, Alabama), and in Indo-China [7]. They may 
perhaps occasionally be derived from the more acidic igneous and 
metamorphic rocks, such as diorite and quartzose gneiss, or from their 
fragmental and sedimentary equivalents. Red loam may therefore be 
regarded as an intermediate type, linking up tropical lateritic soils 
with sub-tropical or temperate brown and grey soils, and they may 
include red soils derived from rocks with a relatively high content of 
silica. 

4. Tropical limestone soil—This type of red soil may develop in vast 
thicknesses from hard limestone, but apparently not from soft limestone, 
chalk, or marl, which usually yield black or dark-coloured (dull brown 
or grey) soils (rendzinas) [7]. ‘Tropical red limestone soils occur notably 
in Cuba and other West Indian Islands (Puerto Rico, Haiti, Jamaica, 
Virgin Islands, Barbados, &c.). The profile is very uniform, and the 
transition between soil and parent rock is abrupt. Calcium carbonate 
may be almost entirely absent, and the reaction is usually acidic. ‘The 
soil closely resembles red earth in physical characters. Free sesqui- 
oxides, notably iron oxides, are often abundant, but the silica/sesquioxide 
ratio is usually relatively high (i.e. above 2-0). Concretions, rich in iron 
oxides (‘shot’, ‘perdigon’), frequently occur therein, and may become 
concentrated in the surface layer through erosion or elutriation, thus 
enhancing the loose, open structure. Similar, though shallower, red soil 
overlies hard limestone in sub-tropical or even temperate regions, such 
as North America and Europe. 

5. ‘Terra rossa’.—This red soil, typical of the Mediterranean region, 
closely resembles in its composition certain red loams, although it may 
sometimes approximate to brown earth. Its origin is doubtful; illuvia- 
tion processes may have contributed to its formation [7]. 

6. Soils derived from red sedimentary rocks.—These soils occur in 
regions where past climates have produced red rock-weathering products 
that have accumulated as sedimentary or colluvial deposits. Such parent 
materials may give rise to soil of red colour during some subsequent 
geological era. A typical example is the red soil derived from Triassic 
ferruginous sandstones in western Europe. 
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Mineralogical Composition of Lateritic Soils in relation to their Physical 
Properties 

The chief mineral entities that occur in lateritic red soils appear to be: 
(1) hydrated alumina, (2) hydrated and hydrous alumino-silicates, 
(3) hydrated and hy drous ferric oxides, and, less conspicuously, (4) an- 
hydrous quartz. Subsidiary minerals, such as manganese ores and titania, 
sometimes occur in addition. Alumino-silicates may perhaps be partly 
replaced by ferro-silicates (nontronite), and certain intermediate 
decomposition products (such as chlorite), or even unaltered primary 
minerals of the original parent rock, may occur in exceptional cases. 

1. Alumina.—In the free state alumina appears to occur almost 
exclusively in lateritic types of soil as a non-colloidal, inert, crystalline 
hydrate (e.g. gibbsite, Al,O;.3H,O), in which the elements of water or 
water molecules are intimately bound up in the space lattice, and are not 
removable by mere drying at air-temperatures [14]. 

2. Alumino-silicates —Whether or no the alumino-silicate minerals of 
lateritic products are of the kaolinite type, or of the montmorillonite- 
beidellite-bentonite type, seems not yet to have been determined by 
X-ray methods [15]. According to Robinson [7] ‘it is to be regretted 
that most of the investigations by X-ray methods hitherto conducted 
have been on soils of secondary weathering. Results from soils formed 
by direct weathering of crystalline rocks would be of the highest interest 
and significance in elucidating the nature of the process of clay formation.’ 

Some indirect evidence, based on physical properties, may neverthe- 
less be adduced in favour of the hypothesis that lateritic types of soils 
(red earth and red loam) contain kaolinitic minerals rather than minerals 
of the montmorillonite-beidellite-bentonite type. Lateritic clays and 
kaolin show striking resemblances. Thus, both seem to exhibit small 
total shrinkage and small ‘residual’ shrinkage [16], even though they 
can take up considerable amounts of water (sticky-point moisture); both 
have low base-exchange capacities [17], and both are extremely sensitive 
to flocculation [17]. Furthermore, both types of clay possess small cohesive- 
ness [18], at least over the low-moisture range. ‘he peculiar colloidal be- 
haviour of kaolin thus stands out in marked contrast to that of the plastic, 
highly hydrous montmorillonite-beidellite-bentonite, alumino-siliceous 
clays, which appear to occur mainly in sedimentary types of soil, namely, 
brown and grey earths. Whilst general experience and sporadically 
recorded facts support these statements, there is urgent need of much 
further specific investigation of the physical properties of the contrasted 
types of clay before final pronouncement can be made. The funda- 
mental difference between lateritic types of soil and the more siliceous, 
temperate types, may thus lie in the nature of their alumino-silicate 
components, and not solely in the occurrence in the former of free 

! Unpublished data, obtained in the writer’s laboratory, indicate that the shrinkage- 
coefficients of certain West Indian red earths possess the same low order of magnitude 
as those of various specimens of kaolin. Neither they nor kaolin seem to exhibit 
‘residual’ shrinkage, as defined by Haines [16]. A specimen of red earth from Barbados, 
when treated with colloidal silica in the manner employed by Haines, developed marked 
‘residual’ shrinkage, just as does kaolin. 
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hydrous alumina, or even of hydrous iron oxide, as has sometimes been 
assumed. 

3. Ferric oxides.—Mineralogists distinguish at least six naturally-occur- 
ring ferric oxides, namely, haematite (Fe,O,), turgite (2Fe,0,.H,O), goe- 
thite (Fe,O,.H, 0), limonite (2Fe, O,.3H,O), xanthosiderite (Fe, O,:2H,0), 
and limnite (Fe,0,-3H,O). Of these, goethite alone is a definite crystal- 
line mono-hydrate [19]. Haematite is anhydrous, and limonite is 
regarded as an amorphous form of goethite. ‘The others are hydrous 
mono-hydrates, containing variable and indefinite amounts of adsorbed 
water, which is lost on heating at relatively low temperatures. 

The colours of hydrous ferric oxides vary between brown, purplish- 
red, crimson, orange, and yellow. Haematite is generally bright red; 
turgite, yellow ish-brown; goethite, crimson or yellow; limonite, 
brownish-yellow ; xanthosiderite and limnite, bright yellow. The 
coloration is generally attributed to particle size, yellow colours accom- 
panying high dispersion, and red colours, agglomeration. The red 
colours of laterite and lateritic soils are usually ascribed to the presence 
of haematite or goethite. 

Some evidence of the nature of the ferric-oxide component of red 
soils has been obtained by the writer by an alizarin-adsorption method 
[14], which has indicated that it is more reactive than either of the first 
four minerals in the above list, but not so reactive as artificial preparations 
of ‘ferric hydroxide’. Since the reactiv ity of hydrous ferric oxide 
(including perhaps alizarin-uptake) is believed to increase with increasing 
adsorbed-water content, at least a part of the ferric-oxide component of red 
soils may be highly hy drous. Furthermore, since highly hydrous ferric 
oxides generally show yellow colours, most lateritic ty pes of soil may con- 
tain, in addition, unreactive red ferric oxides of a lower degree of 
hy dration. 

If we accept the probable presence of reactive hydrous iron oxides in 
many red soils, the amphoteric properties of these substances might 
play a significant part in the flocculation phenomena of red soils, and 
may partly account for their peculiar and striking properties in the field. 
The isoelectric point of reactive hydrous ferric oxide is believed to lie 
near neutrality (i.e. at pH 6:5), so that, in red soils of high to moderate 
acidity (pH below 6:5), ferric oxide would tend to behave as an electro- 
positive colloid (or colloidal cation) and to precipitate electro-negative 
colloids, such as alumino-siliceous clays, including particularly floccula- 
tion-sensitive kaolin. Such a possibility should at least be amenable to 
experimental test. 

Finally, the stabilization of the floccules into crumb-forms, which 
appears to be characteristic of cultivated red lateritic types of soil, may 
be attributed to the irreversible dehydration of active hydrous ferric- 


oxide precipitants or binders, which is a distinctive feature of these 
substances. 


(Received April 7, 1933) 
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THE EFFECT OF SMALL APPLICATIONS OF FARMYARD 
MANURE ON THE YIELDS OF CEREALS IN NIGERIA 


K. T. HARTLEY ann M. GREENWOOD 


(Chemical Laboratory, Samaru, Zaria, Nigeria) 


Introduction.—Numerous field experiments, carried out by the Nigerian 
Agricultural Department, have shown that in Northern Nigeria appreci- 
able increases in yields of guinea corn (Sorghum vulgare) may be expected 
from the application of farmyard manure at a rate as low as 1 ton per 
acre. On the poorest soils remarkable results have been recorded: 
the addition of 2,000 lb. of farmyard manure per acre to certain plots of 
poor light soil at Samaru, Zaria, gave in 1924 an increase of 1,066 110 lb. 
of guinea-corn heads per acre over an average yield of 364 Ib. per acre 
from unmanured land [1]. Moreover, whilst the yield from a dressing 
of 2 tons of manure per acre has always been substantially higher than 
that from 1 ton, the use of 3 or 4 tons per acre has usually failed to pro- 
duce any appreciable increment over the yield from 2 tons [2]. 

Such considerable and consistent returns from so small a dressing 
seemed remarkable enough to merit investigation, and in 1929 pre- 
liminary experiments on the rate of nitrification of farmyard manure in 
the soil were undertaken in conjunction with a manurial trial on guinea 
corn. Contrary to expectation it was found that during the greater part 
of the growing season the percentage of nitric nitrogen was slightly but 
consistently lower in the manured plots than in the unmanured controls. 
Whilst temporary depression of the nitrate level would be a natural out- 
come of the addition to the soil of material of too wide a carbon/nitrogen 
ratio [3], such depression is normally accompanied by a decrease in crop 
yield [4], whereas in the above experiment returns from manured plots 
were always significantly greater than from untreated plots. 

In subsequent years, experiments have been directed to the confirma- 
tion of these results, whilst the nitrogen effect has been more fully studied 
by comparative trials with both slow- and quick-acting inorganic nitro- 
genous manures. ‘The possible contribution of the minerals of the farm- 
yard manure towards remedying a soil deficiency has been considered, 
and by the application of unrotted bedding grass, with and without 
inorganic nitrogen, an attempt has been made to simulate the action of 
the carbonaceous matter of the manure without introducing to any con- 
siderable extent the effect which might be due to its micro-organic 
population. ‘To meet the point that a depression of the nitrate level 
might be due to stimulated absorption by the plant, nitrification has 
been measured on both cropped and fallow land. Determinations of the 
change in bacterial numbers caused by the introduction of farmyard 
manure to the soil had to be abandoned in 1930, but are now in progress. 
Although the investigations are not yet completed, circumstances make 
it desirable to record such results as have already been obtained. 


Climate and soil—Experimental work was carried out on the Nigerian 
3988.2 I 
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Agricultural Department’s farm at Samaru, near Zaria. Zaria is about 
600 miles from the coast and experiences a very marked dry season. ‘The 
figures for mean monthly rainfall and temperature during the last three 
seasons (1929-31) are: 


Fan. Feb. Mar. Apr. May June 


Rainfall. (in.) ; ° ° O17 1°29 5°76 5°87 

‘Temperature. (deg. F.) 72'9 78-3 83°5 85:0 
Fuly Aug. Sept. Oct. Nov. Dec. 

Rainfall. (in.) 10°10 12°85 9°09 0°02 ° 


‘Temperature. (deg. F.) | 75'1 76°5 76°7 73°7 


Average annual rainfall 46-07 in. The highest average maximum 
temperature is 101° F., in March, and the lowest average minimum 
56° F., in December and January. 

The farm soil, of granitic derivation, is yellowish-grey in colour, and 
the predominating mechanical constituent is fine sand. This soil tends 
to become waterlogged during the heavy rains of August and September 
and bakes exceedingly hard during the dry season. The analytical 
characteristics are as follows: 


A. Mechanical analysis. 
Stones, 2 per cent. Fine earth, 98 per cent. 


The fine earth contains: Coarse sand. . 23 per cent. 
Fine sand . 
Clay . 10 

B. Chemical analysis of fine earth. 

pH value . 

Total carbon. ; . 0°43 gm. per 100 gm. 

‘Total exchangeable bases . 3:02 mg. equiv. per 100 gm. 

Lime-requirement Goggm. CAD, » » 

Calcium (sol.in N/5 HNO;) . 0-075 gm. CaO 

Potash (sol. in conc. HCl) . o12 ,, Ky ae 


Phosphate (sol. inconec. HCl) o-o12 ,, P.O; 


Nitrogen and potash are about a half or a third of the amounts that 
would be expected in an English arable soil, whilst phosphate is only 
about one-tenth. The proportion of ‘available’ phosphate was so low 
that it was not satisfactorily determined. Analysis of local pasture and 
the success of manurial trials with superphosphate suggested that the 
soil might suffer from a phosphate deficiency. No positive results have 
ever been recorded for potash manuring. 

Experimental work, 1929.—In the season of 1929, determinations of 
nitrate concentration were made on a series of plots receiving applica- 
tions of 1, 2, and 3 tons of farmyard manure per acre, alternating with 
control plots receiving no manure. Faulkner’s Strip Method [5] was 
used in the lay-out. Each treatment was replicated four times. 
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The manure was applied on May 10, and guinea corn was sown on 
the 16th. The crop germinated and grew satisfactorily, although when 
it was harvested on December 7 the highest yield was not above that of 
an average crop. The following yields were obtained: 


5 Weight of guinea corn 


(grain) 

Average yield of 13 plots without manure . 212°6 Ib. per acre 
Average increase of 4 plots with 1 ton,acre farmyard 

manure +159°5+52°8 
Average increase of 4 plots with 2 tons acre farmyard 

Average increase of. 4 plots with 3 tons/acre farmyard 


” 


All the increases are significant. The application of 2 tons - farm- 
yard manure per acre more than doubled the crop, and 3 tons almost 
trebled it. 

Thirteen of the twenty-six plots in the experiment, i.e. two sets of 
treatments, were sampled weekly from May 6 to November 5. Within 
an hour of ‘sampling, determinations of nitric nitrogen were made on the 
moist soil by Harper’s modification of the phenoldisulphonic-acid 
method [6]. Moisture was determined on parallel samples, and the 
nitrate percentages were converted to a dry-soil basis. "Throughout the 
season the differences between plots were small. At the first sampling 
the general level of nitric nitrogen was about 1:5 p.p.m. of soil. When 
the rains started in the following week the concentration rose at each 
sampling and reached a maximum of a little over 30 p.p.m. on May 27. 
Subsequently the level fell gradually to about 1-5 p.p.m. by the middle 
of July and to about 0-7 p.p.m. by the end of August. After that there 
was no considerable change. 

While the rise of nitric-nitrogen content was in progress during May, 
there was a slight tendency for the manured plots to show a higher 
nitrate-content than the controls. From the time when the peak was 
passed, until August, there was a very distinct tendency for less nitric 
nitrogen to be found on the manured plots than on the unmanured. 
Thus, during the greater part of the season, the available nitrogen found 
on the manured plots was less than that on the unmanured. The 
differences were small but very consistent, and can be seen from the 
following Table, which gives the average figures for the first sampling in 
each month and for the peak on May 27. 


Nitric nitrogen in parts per million of soil 


Mean content of: May6 May27 Funez | July Aug.7 Sept.9 Oct.7 Nov. 5 
2 plots 2 tons 32°4 8-4 2°6 


Approximate — mean 
moisture-content 12 15 10 19 23 


In early June it was possible to see that the crop was growing more 
rapidly on the manured plots than on the controls, and by the end of 
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that month differences due to the three different rates of application 
could be seen. ‘These differences persisted through the whole season and 
were reflected in the yields, which have already been given. 

Experimental work, 1930.—It appeared from the 1929 results that the 
increase in yield brought about by farmyard manure is not effected by 
an increase in available nitrogen. At the same time it was necessary to 
prove that the depression of the nitrate level was not due to enhanced 
assimilation by the plant. The effect of potassium s salts and phosphates 
in facilitating absorption is well known. ‘The manure applied in the 
experiment contained: moisture, 62-7 per cent.; nitrogen, 0-85 per cent.; 
P,O,, 0-36 per cent., so that a dressing of 1 ton per acre corresponded 
to the application of 19 lb. per acre of nitrogen and 8 lb. of phosphate. 
Whilst the latter is a small quantity indeed, it was considered that if 
readily available it might eh “an valuable results in a soil suspected of 
phosphate deficiency. 

In 1930 an experiment was designed to test the effect of manuring 
guinea corn with inorganic phosphate and nitrogen, applied both 
separately and mixed, against the effect of farmyard manure with and 
without added phosphate. Plots corresponding to three treatments— 
farmyard manure, phosphate, and no manure—were kept fallow in 
order that some indication of the degree of absorption of nitrate by the 
plant might be obtained. 

‘There were fourteen treatments: 


No Letter Treatment 
I NoM No manure. 
2 NoMfa no crop. 
3 F I ton per acre farmyard manure. 
4 2F 2 tons per acre farmyard manure. 
5 Ffa I ton per acre farmyard manure, no crop. 
6 iy 200 lb. per acre fine-ground rock phosphate. 
7 2P 400 lb. 
8 Pfa 200 lb. i aS , no crop. 
9 N I cwt. per acre calcium cy anamide. 
10 2N 2 cwt. 
II P+N ‘Treatments 6 and 9g "together. 
12 2P+2N 45 10 
13 P 7 F ” 6 » 3 ” 


The experiment was carried out on four randomized blocks of one- 
sixteenth acre plots [7 7] 

The crop was p anted early in May; and its superiority on the 
plots receiving farmyard manure was visible as early as June 10, and 

ersisted throughout the season. The crop was harvested on Novem- 
he 21. The average yields from each treatment are given in the ‘Table 
on page 117. 

‘The standard error of the mean of each treatment is +96 lb., and it is 
assumed that a difference exceeding three times this error is significant. 
The only yields significantly better than those on the unmanured plots 
are those on the plots receiving farmyard manure. 
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Mean yield of guinea Difference from un- 


Treatment corn, lb. acre manured plots, lb. acre 
: 418 - 46 
P+N . 418 46 
NoM . 464 
2P+2N 492 - 28 
2N 2 516 52 
N : 548 84 
2F : 872 408 
2P+2F . 972 508 


Soil samples were taken weekly for determinations of nitric nitrogen 
in such a sequence that every plot of three of the randomized blocks was 
sampled at least once in four weeks. From the individual determinations 
a weekly average was calculated. As in the previous season, there were 
no very large differences between the various treatments, and on this 
occasion there was no striking rise in the content of nitric nitrogen just 
after the start of the experiment. 

The effect of fallowing was quite noticeable. In the Table below are 
given the average nitrate values for the first sampling in each month on 
the fallow and cropped plots receiving no manure and 1 ton per acre of 
farmyard manure. 


Fallow plots Cropped plots 
of 3 plots on: NoMfa Ffa NoM F 
June 3 ‘ ‘ 45 2°9 6-4 5°9 
October 7 18 
November 4 27 2°7 
January 13 36 
February 10 23 8 
March 10 3°0 18 
April 7 a5 2°4 
May 5 8-2 8-6 3°9 (4:0 on 2F) 


In neither case had any difference been brought about by the manure, 
but it is quite clear that from July 1 onwards—i.e. from about the 
time when the crop begins to grow vigorously—the amount of nitric 
nitrogen in the fallow plots was above that in the cropped plots, and 
that this condition persisted until the beginning of the following 
season. 

It is also interesting to compare similarly the figures for no manure, 
2 tons of farmyard manure, and 2 cwt. of calcium cyanamide on the 


cropped plots: 
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Average nitrate-conte nt of 2 tons farm- | 2 cut. 
3 plots on: No manure yard manure cyanamide 
May 4. 6-9 11°8 ig 
June 3. ‘ 6-4 61 7° 
September 9 ‘ I'l 
November 4 . 20 
February 10 . 1°8 1°6 2°5 
May 5. 3°9 40 


Except at the very beginning, even the two-ton dressing of farmyard 
manure failed to raise the available nitrogen above that on the unmanured 
plots. Calcium cyanamide behaved as would be expected, viz., by 
giving a steady supply of available nitrogen without at any time pro- 
ducing a very large amount. Although the concentration of nitrate was 
always higher on the cyanamide plots than on the controls, yet cyana- 
mide had no effect on crop-yield. 

The figures from the plots receiving phosphatic manuring are of no 
great interest. Where rock phosphate was applied alone the behaviour 
of the nitric nitrogen was the same as on unmanured plots, and where 
it was applied with another manure the effect of the latter was not 
appreciably modified. 

The total carbon and nitrogen in most of the plots were determined 
on May 13 and October 21. ‘The total carbon was about 0-5 per cent. 
and the total nitrogen about 0-04 per cent. ‘The carbon-contents were 
correlated with soil colour, i.e. some plots which were dark grey in 
colour contained the larger amounts of carbon, and others which were 
yellowish contained smaller amounts. Between the two sampling dates 
the average C/N ratio increased from 11-3 to 12-9. Individual changes 
appeared to bear no relation to plot treatments. 

‘Thus this experiment confirmed the finding of that of 1929, viz. that 
the effect of farmyard manure is considerable but cannot be ascribed 
to the nitrogen which it contains or renders available in the soil. It 
suggested further that the phosphorus-content of the manure is not 
an important factor in producing this effect. 

Experimental work, 1931.—Vhe above conclusions were open to the 
serious criticism that cyanamide and rock phosphate, owing to their slow 
action, were not the most suitable sources of nitrogen and phosphorus 
to use in such a comparison. They were used because no others were 
locally available, but in 1931 the nitrogen treatments were repeated with 
nitrate of soda. Plots were also ‘manured’ with dry bedding-grass, such 
as formed the basis of the farmyard manure, both with and without the 
addition of inorganic nitrogen. It was hoped in this way to reproduce 
the effect of the carbonaceous matter in the manure whilst eliminating 
such effect as would arise from its micro-organic population. 
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The treatments were: 


No. Letter Treatment 
I O No manure. 
2 F 2 tons farmyard manure per acre. 
3 F Bedding-grass containing dry matter equal to F. 
4 N Nitrate of soda containing nitrogen equal to F. 
5 TN Treatments 3 and 4 together. 
6 T23N ‘Treatment 3 with 2} times the nitrogen of treatment 4. 


In each of the last four treatments, a dressing of bone-ash, containing 
ln hosphate equivalent to that in 2 tons of farmyard manure, was added. 
he latter contained: moisture, 45 per cent.; nitrogen, 1-27 per cent.; 
P,O,, 0-24 per cent. The equivalent quantities of bedding-grass and 

nitrate of soda were 2,600 Ib. and 380 Ib. per acre, respectively. 

These six treatments were randomized in eight blocks of one-sixteenth 
acre plots. Half of each plot was left fallow. ‘The organic manures were 
applied on May 3-5 and guinea corn was sown on the rath. The 
nitrate of soda was applied in two equal top dressings on May 26 and 
July 2. The crop made a poor start owing to adverse weather and attacks 
by locust, but recovered towards the end of the season. It was not 
possible to detect plot differences by inspection at any time during the 
growth of the crop. The final yields were quite good: 


Average yield of guinea Difference from no 
Treatment corn, lb./acre manure, lb./acre 
O 852 — 
T2in 872 +- 20 
F 1,184 +332 


The standard error of the mean of each treatment is -+82 lb., so 
assuming, as before, that a difference exceeding three times this error is 
significant, it follows that only farmyard manure was significantly better 
than no manure. ‘Treatments ''N and N gave considerably increased 
yields which, although not significantly greater than that given by ‘no 
manure’, were not significantly less than that given by farmyard manure. 
Presumably, therefore, these treatments had some value. 

Two fortnightly series of soil samples were taken on different blocks 
for the determinations of nitric nitrogen. ‘The general trend of the 
figures on the plots not receiving inorganic nitrogen was much the same 
as in previous years, although the level on the fallow plots was distinctly 
higher than in the preceding season. The next Table (p. 120) gives six- 
week averages for these plots on each of the two pairs of blocks sampled. 
Both sets of figures show that farmyard manure and bedding-grass were 
equally ineffective in altering the amount of available nitrogen, and that 
after the end of July there was a considerably higher concentration of 
nitrate on the fallow plots than on the cropped plots. 
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Average nitrate-content Fallow — 4 

for period: O F dy O F 4 
Blocks II and III: 
June 23-July 21 . F 8-3 8-0 8-2 
Aug. 4-Sept. 1. 6°5 10°9 3°6 2°4 
Sept. 15-Oct. 13 . 5:2 6°8 
Blocks VI and VII: 
June 30-July 28 . ; 17 31 25 18 II 13 
Aug. 11-Aug. 25 . : 9°3 10°3 73 3 22 a 


A similar set of figures for the plots receiving nitrate of soda follows: 


Average nitrate-content Fallow repped 

for period: TN N T23N T™N N T23N 
Blocks II and III: 
June 23-July 21 . : 46 84 202 55 54°5 155 
Aug. 4-Sept.1. 56 47 134 9:2 42 
Sept. 15-Oct. 13 . ‘ 26°4 39°8 56 I°4 9 9 
Blocks VI and VII: 
June 30-July 28 . ; 88 go 205 48 56 108 
Aug. 11-Aug. 25 . : 49 59 202 24 15 37 
Sept. 8-Oct.6 30 40 80 2 


Here the contents of nitric nitrogen were on an altogether higher plane, 
except on the cropped plots at the end of the season. On the fallow 
plots there is, in both cases, some suggestion that nitrate is being used 
up in the decomposition of the bedding-grass, as the nitrate is generally 
distinctly lower for the TN treatment than for the N. The difference in 
behaviour of the cropped and fallow plots is much more striking than in 
the case of farmyard manure, although the disappearance of nitrate is 
reflected in increased crop-yields in the N and 'T'N treatments only. 

In this season determinations were not carried through to the following 
spring, but it is interesting to record that leguminous em (mucuna and 
amberique beans), subsequently planted over part of the area used in 
this experiment, showed stronger and greener growth on the patches 
corresponding to fallow plots than on those corresponding to cropped 

lots. ‘Total carbon and nitrogen were again determined in May and 
October. These showed a similar widening in the CN ratio during the 
growing season, but otherwise were not of interest. 

The results of this third experiment therefore confirmed the laboratory 
findings of the previous years. ‘The field results showed no crop response 
to the addition to the soil of unrotted carbonaceous material. Inorganic 
nitrogen in an available form and in amount equal to that in 2 tons of 
farmyard manure, whether with or without carbonaceous material, gave 
a 20 per cent. increase in crop, and although this was not strictly signifi- 
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cant, it must be considered, particularly as the unmanured crop was well 
above average—more than double the smallest yield of the previous season. 

The failure of the T'2}N treatment was most unexpected and is diffi- 
cult to explain in view of the results of the TN treatment. An obvious 
suggestion seems to be that the crop cannot deal with large quantities 
of free nitrate, and derives no benefit, but rather suffers harm, from 
concentrations exceeding a limiting value. This is not a case where 
grain-production has been sacrificed to excessive vegetative growth, as 
at no time did any of the plots show the gross vegetation usually 
associated with too free a supply of nitrogen. 


Summary of Results and Conclusions 

Experiments extending over three growing seasons have shown: 

1. ‘That applications of farmyard manure as small as 1 ton per acre 
give considerable increases in the yield of guinea corn. 

2. That the nitrate-content of such manured plots is not substantially 
different from that of unmanured plots, whether the plots carry a crop 
or not. There is an indication that it is slightly higher on the manured 
plots for the first month of the growing season and is subsequently 
lower than on the unmanured plots. 

3. That the large nitrate-contents produced in the soil by the applica- 
tions of dressings of nitrate of soda equivalent to the nitrogen in 2 tons of 
farmyard manure do not result in crops so large as those produced by 
the farmyard manure, and that larger dressings of nitrate of soda are 
actually less effective. 

4. That throughout the year fallow plots have a higher content of 
nitric nitrogen than similar cropped plots. 

5. That the full effect of farmyard manure is not obtained from 
mixtures of equivalent quantities of inorganic nitrogen and phosphorus 
whether applied with or without unrotted organic matter. 

It is concluded that farmyard manure in small dressings has a greater 
effect on crops than can be explained by its contents of total nitrogen, 
phosphorus, and gross organic matter, although of these the first is 
probably of major importance. 
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GRASSLAND MANAGEMENT AND ITS INFLUENCE ON 
THE SWARD 


Pt. WH. THE MANAGEMENT OF A CLOVERY SWARD AND ITS EFFECTS 


MARTIN G. JONES 
U.CU. Agricultural Research Station, Fealott’s Hill, Berks.) 
WitTH PLATE 10 


IN a previous paper [1] it was shown how different species of herbage 
plants reacted individually to variations in their method of management. 
The present paper deals with the practical application of the results there 
described and their influence on the botanical composition of a recently 
established sward when subjected to four methods of grazing, which 
differed only in regard to the time of grazing and the intensity of stocking. 

Each method was applied to an area receiving both phosphatic and 
nitrogenous manures (Plots 1-4) and a similar area receiving an equiva- 
lent quantity of phosphate only (Plots 5-8). 

The original seeds-mixture, sown in 1929, was of a simple type and 
consisted of : 


Perennial rye-grass (Kentish Indigenous) . . 24 |b. per acre. 
Wild white clover (Kentish Indigenous) 


It had been sown under a cover crop of spring barley, and in the 
following year a hay crop was taken and the aftermath was grazed. 

The experimental treatments began in the spring of 1931, when an 
acre was divided into eight equal plots, each fenced off separately. Phos- 
phate, at the rate of 10 cwt. per acre of basic slag, was applied to the 
no-nitrogen section (Plots 5-8) in February 1931, and since then no 
artificial manure has been added. 

The nitrogen section (Plots 1-4) received an equivalent of phosphate, 
part being in the form of ammonium phosphate (nitrogen 16 per cent.; 
phosphoric acid 32 per cent.), applied at the rate of 2 cwt. per acre, 
early in March 1931, and the remainder as basic slag, at the rate of 5} 
cwt. per acre, in June 1931. In 1931 the nitrogen was applied to this 
section in two dressings, part in the dressing of ammonium phosphate 
and the rest as nitro-chalk, at the rate of 1 cwt. per acre, in June. In 
1932 only one dressing was given, namely, nitro-chalk at the rate of 
2 cwt. per acre at the beginning of March. 

Management.—The management of the grazing was designed with 
the following objects in view: 

Plots 1 and 5 were intended to become clover-dominant by grazing them 
very closely, particularly in the spring, when the rye-grass would be 
most susceptible to weakening by overgrazing. 

Plots 2 and 6 were intended to become grass-dominant by allowing the 
grass to grow up and check the clover. As mentioned in the previous 
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paper, the grass would be considerably strengthened by being allowed 
to grow unhampered by defoliation during the early stage of active 
growth. On the other hand, the clover, being much later in starting 
active growth, would not benefit by this protection, whilst later on 
it would suffer from competition by the strong grass. 

Plots 3 and 7.—These plots were treated as a pasture under intensive 
rotational grazing throughout the year. ‘The herbage was eaten off fairly 
closely at each grazing, whilst the stages at which they were grazed were 
approximately 5-inch growth in the summer months, 4-inch growth in 
April and October, and 2-inch growth during the winter months. 

Plots 4 and 8.—The method of grazing used approximated to that 
usually practised throughout the country, namely, overgrazing in winter 
and spring, and undergrazing in summer ‘and autumn. ‘These plots were 
not grazed quite continuously as they were too small, but they were 
rarely rested for more than a whole week at any one time throughout the 
year. The rate of stocking on these plots in summer was only double 
what it was in winter, although the amount of growth produced was 
about twenty times as much in summer as it was in winter. 

During the experiment small sub-plots were fenced off from time to 
time within each main plot, in order to investigate the stages of growth 
and times of the year at which any particular grazing or resting was most 
potent in its effect. 


Botanical Composition of the Sward 


Clover v. Grass in 1931.—The trend of the biotic influence became 
apparent during the first summer, within a few months of the start of 
differential grazing, when the grasses in Plots 1 and 5 already showed 
signs of overgrazing. ‘They made but slow progress during their periods 
of recovery, with the result that the sward remained very open and the 
wild white clover made rapid headway. 

The grass on Plots 2 and 6, on the other hand, had a vigorous thick 
growth when grazing began at the beginning of May, and as the sheep 
were not allowed to graze it closely at that time, it maintained its vigour 
and grew quickly afterwards; and similarly after the second grazing, so 
that by the middle of June the sole was very thick and the wild white 
clover present had to produce rather long leaf-stalks (many of them 8 
in. long) in order to carry the clover-leaf above the dense growth. 
The sheep at this time took advantage of the accessibility of the clover- 
leaf and stripped the lamina, leaving the erect petiole. In subsequent 
grazings the clover-leaf met a similar fate, so that by the autumn the 
clover was distinctly weak (almost ‘smothered out’). From Table 1 
(p. 128) it will be seen that by November there was only 7 per cent. of 
clover in Plot 2, as compared with 26-5 per cent. in Plot 1 (see also 
Plate 10). 

Clover v. Grass in 1932.—During the spring of the following year the 
strength of the grasses in Plots 2 and 6 showed up to a very marked 
extent in February, March, and April, the early grass—perennial rye- 
grass—gaining still more ground, and by August the rye-grass had 
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attained to 84:5 per cent. of the herbage, whilst the clover had fallen to 
5°8 per cent. (‘Table 2). 

During the corresponding period (February to August) the grasses in 
Plots 1 and 5 had been weakened still further, the rye-grass by that date 
(August) contributing only 35-2 per cent. to the total herbage, whilst 
the clover now dominated the sward with 56-4 per cent. 

This indicates that wild white clover suffers very little from competi- 
tion from grasses up to the end of May, but that from this time onward 
after active growth has started, competition with grasses checks it very 
materially. ‘The small sub- plots showed that, provided there was a fairly 
free run for the clovers from the end of May onwards, it mattered very 
little how dense and strong the competing grass was previously. ‘The 
only effect to be carried forward on the pasture from this early period 
was that the grasses, after being allowed to get strong in the early period 
(before the clover started), required more grazing to keep them under the 
desired control in the second period (when the clovers did require free- 
dom from competition). 

During August 1932, Plot 2 was grazed fairly hard, so as to clear a 
fair amount of the foggage, and also to make the sheep eat some of the 
unpalatable Yorkshire Fog, which they had consistently avoided. ‘The 
result was an immediate jump in the proportion of wild white clover, 
from 5:8 per cent. in August (‘Table 2, p. 128) to 33-3 per cent. in 
September (‘Table 3, p. 128), whilst up to the present (May 1933) the 
wild white clover has again fallen away considerably. 

From the botanical point of view, the relative progress towards either 
‘grassiness’ or ‘cloveriness’ has proceeded to much the same extent in 
both the nitrogen and the no-nitrogen sections, thus showing that the 
biotic factor is much more potent than manuring in governing the 
botanical composition of a sward. 

Nevertheless, it should be noted that the manuring factor—the addition 
of nitrogen in the spring—was responsible for approximately doubling 
the actual yield of fodder during the early period of grazing—the months 
of March, April, and May—without any adverse effects during the 
remainder of the season. 

Rotational grazing (Plots 3 and 7).—The reaction of the pasture to this 
method of grazing was on the whole mid-way between those of the two 
previous methods, viz. clover encouragement and grass encouragement 
(Tables 2 and 3 for 1932). During the first year, however, the grass 
increased at the expense of the clover, and particularly on the nitrogen 
plot that received a dressing in July as well as one in March. This 
behaviour was doubtless due to the autumn growth (August and early 
September) being rested longer than usual, so as to increase the grazing 
at the latter end of the season. In the meantime the extra growth of 
grass produced with the dressing had a bigger smothering effect on the 
clovers. 

Evidence bearing on this point was obtained in the same year, from an 
adjoining experiment on an identical sward, where the influence on 
botanical composition of an application of nitrogen in July was com- 
pared with that of an application in March, the pasture in each case 
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NITROGEN AND PHOSPHATE SERIES : 2. Original clovery sward. 3. Clover 

dominant (Plot 1). 4. Grass dominant (Plot 2). 5. Balance of clover and grass (Plot 3). 

PHOSPHATE-ONLY SERIES: 7. Clover dominant (Plot 5). 8. Grass dominant (Plot 6). 
g. Balance of clover and grass (Plot 7) 
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being grazed right down within a month of such application. ‘There was 
no botanical difference between the plot dressed in March and that 
dressed in July, but there was a greater amount of growth to deal with in 
July, and much heavier stocking was needed to graze it down within the 
same space of time. 

Overgrazing in winter and spring followed by undergrazing in summer 
and autumn (Plots 4 and 8).—This method of treatment (‘Tables 1, 2, and 
3) produced a change in the flora that is so common in most of our newly 
sown grasslands, viz. a deterioration of the sward due to the weakening 
of the better grasses, their place being taken by weed-grasses, chiefly 
Yorkshire Fog and bent, together with thistles. 

Although the stocking in summer and autumn was approximately 
double what it was in winter and spring, yet any plant making growth 
in the winter and early spring was immediately grazed off, whilst during 
the summer and autumn there was far more herbage than the animals 
could consume. At that time, therefore, the animals selected only the 
most palatable of the plants, and left the unpalatable species, together 
with those that might be protected in any other way, e.g. the thistles. 
The result was that some of the weed-plants were able to set seed for 
further infestation; and what was even more important, the perennials 
were able to fortify themselves in preparation for keener competition 
in the sward in the following year. Such preparation occurred in 
several ways; for example, in the thistle the food material moved from 
the sub-aerial part to the underground parts, out of reach of the grazing 
animal, and in the bent grasses spreading runners developed which soon 
became very wiry and unpalatable to stock. 

Considering these results in conjunction with those given in Table 4 of 
the previous paper, where it was shown that the earlier species—peren- 
nial rye-grass—competed best with the thistle, it will be seen that in 
order to maintain a sward reasonably free from thistles, it is necessary not 
only to have the proper species present, but also to manage in such a way 
as to favour those species rather than the thistles. 


Discussion 

Comparison of the effects of the four methods of stocking gives a clue 
to the character of many of our typical swards. 

The sward on Plots 1 and 5, which was subjected to very heavy 
stocking in summer and light stocking in winter, has already come to 
resemble very closely the sward on the best pastures in the famous 
Romney Marsh, where the stocking is from ten to fourteen times as 
heavy at the peak of production in summer as it is when at the lowest 
ebb in winter. 

The sward on Plots 2 and 6, which was not grazed in winter and only 
very lightly in spring and moderately in summer, resembles the grassy 
feeding pastures of the Midland counties—mainly perennial rye-grass 
but with a fair sprinkling of rough-stalked meadow-grass and bent— 
where the best fields are kept free of stock during winter and are then 
stocked in summer with cattle at the rate of a bullock to the acre, but 
not before there is a good cover of grass in the spring. 
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‘The sward of Plots 3 and 7, which was subjected to a system of con- 
trolled close-grazing on a rotational basis with an intervening period of 
complete rest, shows how the weeds are hampered in competition with 
the rapidly growing species of grasses, which are also the most palatable. 
This method of grazing has recently proved very useful for eliminating 
weeds from badly infested pastures, frequently with the aid of artificial 
manures. 

The progress of the sward on Plots 4 and 8, with its increasing con- 
tent of weeds,' agrees very closely with the deterioration of the _grass- 
land in the first few years after sowing, which is so common in this 
country, especially where the land is subjected to heavy stocking with 
sheep in winter and early spring, before the mountains and the so-called 
marshes are ready to carry them. This deterioration has, in fact, become 
so general and so persistent that it is now regarded as ‘the normal pro- 
gress of a sward on such poor land’, and an unavoidable evil, the period 
of high production of a sown sw ard generally lasting no more than three 
or id years, especially when it consists of strains that do not tiller 
we 

‘The progress of the swards in the other plots, with their quick response 
to the modified methods of stocking, stands in clear contrast, and shows 


that the method of stocking is the governing factor in determining the botanical 
nature of a sward. 


Summary 


Four methods of stocking, differing only in regard to the time of graz- 
ing and to the intensity of stocking at various periods of the year, were 
compared in regard to their influence on the sward. Each method was 
used on a plot receiving both phosphatic and nitrogenous manures and 
compared with a corresponding plot that had received phosphate only. 

The experiment showed that, although the nitrogenous dressing 
approximately doubled the actual yield of fodder during the early period 
of grazing, it had relatively little influence on the botanical composition 
of the sward. 

On the other hand, the time and intensity of grazing markedly 
affected the botanical composition in relation both to the proportion 
of grasses to clovers, and to the inroad of weed-grasses and thistles, thus 
governing the improvement or deterioration of the sward. 
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' The weeds on these plots would probably be increasing still more rapidly were it 
not for the short periodic rests which the plots are given on account of their small area. 
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TABLE 1. November 


Perennial 
rve-grass 
67°7+-1'°8 
70'0+3°1 
79°5 
63°5 12-4 
65°5 
89:0 +0°7 
740-17 


Rough-stalked 


meadow-grass 


ON 


Ho-6 
ros 


Wild white 
clover 
26°5 +1°9 
7:70 +0°6 
6-4-+0°8 
8-9 
25°31°3 
4°420'5 


Weed- 


grasses* 


+ Plots 3 and 7 both showed a high ratio of grass to clover, as only the grass had 
made any growth since the plots were grazed down a month previously. Compare 
the proportion of plants present a month later after one more grazing in Photo. No. 5, 


Plate 


Plott 
2s 
SS ” 2 
3 ” 3 
»4 
= Plot 5 
» 6 
S ” yj 
= 
” 8 
2 Plot1 
£8 
2 
= S » 3 
Z. a ” 4 
2 ” 5 
6 
a3 ” 
= ” 7 
~ ” 8 


Perennial 
rve-grass 


35°24 


84°5 
56°5 
38°8 
84°5 


59°4 = 
66-9 4 


TABLE 2. August 1932 


70° 
72 
2-9 41 
t4°O 2°9 

34 2°44 

2°64 


Rough-stalked 
meadow-grass 


Wild white 
clover 
58+08 
35°32°7 
30'1+2°5 
47 
10°'1 +2°0 
33°38 
18:9 1°9 


* Mainly Holcus and Agrostis. 


TABLE 3. September 1932 
Rough-stalked 


meadow-grass 


Perennial 
rye-grass 


29°I +3°0 
61:°9+3°2 
51°9+3°4 
52°253°7 
32°3 2°6 
81-3413 
59°T 2°5 
60°2 +2°4 


Il 


664 


are) 
o'8 


Lol 


+o°2 


ror! 


* Mainly Holcus and Agrostis. 

The three tables refer to the same eight plots at different dates; the figures show 
the percentage botanical composition; the botanical analyses were made by the 
‘estimated productivity’ method [2]. 


Weed- 


grasses* 


Wild white 
clover 
46:2+3'5 
32°6+3°0 
66:2 +2°7 
I2QO+1°4 
38:8 
28°79 +2°5 


No. of 
thistles per 
So sq. ft. 


Weed- 
grasses* 
2°7 
7° 
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THE ANALYSIS OF REPLICATED EXPERIMENTS WHEN 
THE FIELD RESULTS ARE INCOMPLETE 
F. YATES 
(Rothamsted Experimental Station, Harpenden) 


1. Introduction—The principles of randomization and replication, 
recently introduced into the design of agricultural field trials, have 
greatly increased their accuracy, and have rendered possible valid tests of 
significance and estimates of the experimental errors. But as in all 
experimental work, it sometimes happens that accidental causes upset 
the original design, so that the methods of analysis which are ordinarily 
appropriate require modification. In general, replicated field trials are 
so arranged that the mean yield of all the plots receiving a given treat- 
ment provides the best estimate of the effect of that treatment, free from 
any extraneous effects, such as fertility differences, which are allowed 
for in the design. ‘Thus in a randomized block experiment, in which 
every treatment occurs once in each block, an increase in the fertility of 
any one block will increase all the treatment means equally, and therefore 
will not affect comparisons between them. Fertility differences within 
blocks, on the other hand, will affect comparisons between treatment 
means, but variation due to this cause also increases the estimate of 
error and, if the principle of randomization is followed, differences 
merely due to fertility differences within the blocks will not in general 
be regarded as providing evidence of real treatment effects. In such an 
experimental design, where changes in block fertility do not affect 
differences between treatment means, and conversely changes in treat- 
ment effects do not affect differences between block means, blocks and 
treatments are said to be orthogonal. ‘This property is an extremely 
valuable one, since not only are the treatment means the best estimates 
of the treatment effects, but the whole procedure of the analysis of 
variance, by which an estimate of error may be made, is very simple. 
When more than two sets of effects are present orthogonality can still 
be secured, as in a Latin square, where rows, columns, and treatments 
are all orthogonal to one another, any change in a general fertility of 
one row, for instance, affecting all the column and treatment means 
equally. ‘Treatments themselves may also be arranged in orthogonal 
sets, as when three levels of nitrogen are applied in conjunction with 
three levels of potash, making nine treatments in all. Such an arrange- 
ment provides information not only on the response to nitrogen and to 
potash separately, but also on the differences in these responses in the 
presence of different quantities of the other manure. Moreover, ortho- 
gonality enables the various effects to be separated in the analysis of 
variance without difficulty. 

If the yields of some plots are lost, or are unreliable, the orthogonality 
of the original design disappears. ‘Thus in a randomized block experi- 
ment with one plot missing, an increase in the fertility of the block 


containing that plot will affect all treatment means except the one 
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containing the missing plot, and if therefore there is any real difference 
in the fertility of the different blocks a bias will be introduced into the 
treatment means, so that their differences are no longer the best estimates 
of the treatment effects. Nor can the procedure of the analysis of 
variance appropriate to orthogonal experiments be applied directly to 
non-orthogonal data. In another paper [1] I have discussed the analysis 
of non-orthogonal experiments in general, but the case where a few values 
are missing from an otherwise orthogonal experiment is best dealt with 
by the special method to be described in this paper. 

The problem of analysis may be divided into two parts, the estimation 
of the magnitude of the effects the experiment was designed to test, and 
the provision of appropriate tests of significance and estimates of error. 
The whole problem can be dealt with most successfully by estimating 
the yields of the missing plots. Such estimates, if properly chosen, when 
included in the treatment means make these latter efficient estimates of 
the treatment differences, free from any bias due to other effects such as 
fertility differences which the experiment was designed to eliminate. 
After estimating the yields of the missing plots, the ordinary procedure 
of the analysis of variance suitable to orthogonal experiments may be 
followed, and though not strictly correct it will be shown that it gives 
quite satisfactory results in ordinary cases provided the number of 
degrees of freedom for error is reduced by the number of plots missing. 
The significance of the results is always slightly exaggerated, though 
quite negligibly so when only a few values are missing. 

‘The formulae appropriate in the case of a single plot of a randomized 
block or Latin square have already been given by Miss Allan and Dr. 
Wishart [2], but no attempt was made to estimate the errors of the 
treatment differences, and it was assumed that the ordinary procedure 
of the analysis of variance, if carried out on all the yields, including the 
estimated yield, was strictly valid when the number of degrees of freedom 
allotted to error was reduced by one. 

‘he question of the retention or rejection of values which are for some 
reason considered unreliable may be briefly considered here. In general 
the mere fact that a value is outstanding does not furnish adequate 
grounds for its rejection, since it is probable that the causes which 
produced this outstanding value have also disturbed the other values, 
though to a lesser extent. The outstanding value must therefore be 
included in the analysis so that it makes its fair contribution to error. 
If the magnitude of the error so obtained is so great as to prevent any 
definite conclusions being drawn, this verdict of non-significance ‘must 
be accepted. It cannot be too strongly emphasized that the rejection 
of values, simply because they differ from the rest, is incompatible with 
any subsequent test of significance and entirely invalidates such tests. 
On the other hand, if there is sound external evidence for believing a 
value to be unreliable, such as information that one particular plot and 
only that plot has suffered from the depredations of some pest, or that 
previous to the experiment a particular plot was the site of a heap of 
dung, then rejection may be resorted to. In certain cases when a value is 
reported to be unreliable owing to some external cause, it is doubtful 
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if the cause is such as to produce any material difference. ‘The experi- 
ment itself may legitimately be used to furnish evidence on this point, 
the reduction in the error sum of squares due to the rejection of the 
doubtful value being tested for significance against the new error sum 
of squares. 

2. Method of obtaining missing values——TVhe procedure of fitting 
constants followed by Miss Allan and Dr. Wishart in establishing their 
formulae becomes involved when applied to complex experiments, and 
to cases where more than one plot is missing. It was suggested to me by 
Dr. R. A. Fisher that a much simpler solution might be effected by 
minimizing the error variance obtained when unknowns are substituted for 
the missing yields. ‘The validity of this process may be proved rigorously 
as follows. For simplicity the case of a double classification, e.g. blocks 
and treatments, is considered, though the proof is perfectly general. 


"TABLE I 
Treatments. I 2 3 q 
Vu Vie 13 Vig 
2 Vea V22 V23 V2q 
Vp Mp2 Vue 


Let Table 1 represent the experimental yields. If these yields are 
assumed to be made up of additive functions of the blocks and treat- 
ments, and an error term, so that 

Vrs k4 
then the analysis of variance may be regarded as the process of finding 
the most likely values of the constants k, ¢), ty,..., ¢,,, 5), bg,..., 6,, and the 
errors associated with them; that is the values such that S(.x2.) is 
minimum [3]. 
In the case where all the yields are known the solution is very simple, 


being given by 
q p 
k ds Vrsy b, Voss (A) 


In general, however, it is necessary to minimize the function 
F = S(y,,—k—t,—6,), (B) 
the summation being taken over all existing plot yields. 

Now suppose that various plot yields are missing. Assuming for the 
moment that the most likely values k, ts,..., 6), bs,... of the constants 
have been found by the above process, put 

Y,, = k+t,+6, (C) 
for each missing plot. ‘Then Y,,, may be taken as an estimate of the yield 
of the uvth missing plot. If we complete the table of plot yields with these 
estimates and then perform an ordinary analysis of variance, we shall 
in fact minimize 

F’ = S(y,,—k—t, —b,? + 


where the first summation is taken over Ml the existing plots, and the 
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132 F. YATES 
second over all those of which the yields are missing; this function is the 
part of the sum of squares allotted to error in the analysis of variance. 
The second sum of squares is clearly zero by virtue of (C) when the 
first sum of squares is minimum, i.e. when the most likely values of 
kh, ty, te,..., by,... are obtained. The second sum of squares cannot be 
negative, and consequently the whole function is now a minimum. But 
since F’ represents the sum of squares over the whole experiment it 
is minimum for the values of k, ¢,,..., 5,,.... given by (A). We may, 
therefore, instead of minimizing the function F, thus determining 
directly k, t,,..., minimize using this to determine Y,,,, afterwards 
obtaining k, ¢,,..., 6,,... from (A). 

3. General formula for a single missing plot.—Suppose that there is 
a multiple classification of the /th order, so that every plot is a member 
of J classes. Let p, q, r,... be the number of classes in each group, and 
let n be the number of plots. Thus in a 55 Latin square / = 3, 
p =r == 5,andn = 25. Let the sum of all the known yields in the 
class of the first set of classes containing the missing plot be P, that of the 
second set be QO, and so on, and let T be the total of all the known yields. 

Writing x for the yield of the missing plot and following the ordinary 
methods of the analysis of variance, the following values for the terms 
containing x in the sums of squares are obtained: 


ist classification . . . (T+ ay. 
2nd classification. . . 


Total x?— 

Hence the residual (error) sum of squares is 


Minimizing this, we obtain the equation to determine w, 


= 

In the case of a randomized block experiment, with p treatments, each 
occurring in q blocks, n = pq and / = 2. The sums of the yields of all 
plots receiving the same treatment and in the same block as the missing 
plot are P and O respectively, T being the total yield, and the formula 
for the missing yield becomes 

_ pP+qQ-T 

(p—1)(q—1) 
In the case of a Latin square, with p treatments, p = g = r,n = p*, and 
1 = 3. If P, P, and P represent the totals of the known yields of the 
row, column, and treatment from which the plot is missing, the formula 


becomes p(P-4+P.+P)—2T 
= 
(p—1)(Pp—2) 
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These formulae will be found to agree with those given by Miss Allan 
and Dr. Wishart [2], save that the plus sign in their formula for a Latin 
square should be minus. 

It should be noted that the general formula deduced above does not 
include all possible types of classification. In cases where it is not 
applicable the method of minimizing the error term directly must be 
followed. 

Examples of the application of the formulae for randomized blocks 
and Latin squares have been given by Miss Allan and Dr. Wishart. 
There is no need to include any further examples of a single missing 
plot here, since the use of the formulae is illustrated in the next section 
in an example where several plots are missing, and again in section 7. 

4. Procedure when several plots are missing.—In this case the part 
of the sum of squares allotted to error will be a quadratic function of the 
yields x, y, 3,... of all the unknown plots. On minimizing this function, 
we shall obtain a set of simultaneous linear equations in xX, V, %,.... 

If P, is the total of all the known yields in that one of the first set of 
classes which contains x, P,. the similar total for the class which contains 
y and 3, etc., it being assumed that these two classes contain only these 
unknown plots and no others, the quadratic function is of the type 


It “a be seen that if two unknown plots are members of one class there 
is a radical difference of form. 
The first three linear equations in the case given are 
: pP,+qO0,+...—(l—1)T, 
pF 
x(l—1)+y(1—1 —p)+2(n+1—1—p—d...)4 
= 
‘These equations are most easily solved by iterative methods, but in 
practice there is no need to write them down in the simpler type of 
experiment, since repeated applications of the formula for a single 
missing plot, substituting approximate values for all other missing plots, 
is clearly identical with the ordinary iterative process. The solution 
converges very rapidly and under ordinary circumstances the second 
approximation is amply accurate. ‘The details of the numerical calcula- 
tion are best illustrated by an example. 
Example.—Table 2 gives a set of measurements on the intensity of 
infection of potato tubers inoculated with Phytophthora Erythroseptica 
under various manurial treatments. 
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TABLE 2 
Blocks 
Treat- 
ments I 2 3 4 5 6 7 8 9 10 Total 
| 2°29 b 2°00) 33°34| 3°83 | 3°36) 3°50 | 2°23 | 2°91 | a7-51-+5 
N 2°30 403) 2°54 282 3°29) 2°93 2°55 2:20 2°30) 24:96+f 
iN 3°96 3:46 2:50 3°70) 3°82 | 2:54; 3°18 | 33°41 
P2099 3°99 2:90 397 449 470 386 3°50 3°59 33:99 +h 
NK a 3°07. 3°49 «3°99 3°48) 3°68) 
NP | 3°47| 264 317 3:26) 3:28| g i 3°07 | 3°12 | 24°37+e+1 
KP 2716 2:34 260 3°77 d 3720 3°47 2:67 3°33 25'50+d 
NKP 3:16 2°52 2:39 e 3°85 | 3:36) 2°50) 4°13 | 25*59+-¢+¢ 
Total 20°48 25°33 19°38 21°81 25°08 21°92 22°39 19°10 22°59 25°77 223:°85+-a+b 
a +b +h+i tet+d+e+ftg 


Nine values were missing, indicated by the letters a, b, c,...,7.. In order 
to start the process of approximation all the missing values may be 
assumed to be equal to the mean 3:15. (In cases where the effect of 
blocks or treatments is very marked it is better to start with the block 
or treatment means instead of the general mean.) ‘The value of the total, 
223-85, must be increased by eight times the value of the mean in order 
to give an approximate total, 249°05, with only one plot missing. ‘The 
first approximation for a is then given by 

(10 20°48 +-8 « 28-52 —249:05) 63. 
This can be very rapidly computed on a calculating machine, multiplying 
by the reciprocal of 63, 0-01587, in order to avoid division. If a machine 
is not available a slide-rule will give all necessary accuracy. ‘The value 
of 2-92 is thus obtained. The value of 6 may be computed in the same 
way, without troubling to alter the approximate total 249-05, which 
may be kept unchanged throughout the first approximation. When 
obtaining c the treatment total 25-59 must be increased by 3:15 to allow 
for the other missing plot e. In evaluating e the same treatment total 
must be increased by the value of c, the value given by the first approxima- 
tion, 3°67, being taken in preference to the original mean value. The 
same procedure is followed throughout until a complete set of values is 
obtained. The new total, 254-10, can now be utilized, being decreased 
by the first approximation to each plot in turn. ‘The second approxima- 
tion for a is therefore given by 
{10 x 20°48 +8 28-52 —(254:10—2°92)}/63. 
The complete set of values for both first and second approximations is: 
Ist approximation: 2:92 2°62 3°67 3:26 3:76 3:27 3°61 3°89 3°25 
2nd approximation: 2°88 2°58 3°73 3°33 3°76 3°32 3°61 3°89 3:22 
The second approximation is accurate to within o-o1. ‘The amended 
treatment means are found to be: 
O N P K NK NP KP NKP 
37009 2°828 3:341 3°788 3:140 3:°120 27884 3°309 

and these provide efficient estimates of the treatment effects, whereas 
the original treatment means were affected by block differences, the 
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treatment NKP, for example, having too low a mean, 3-199, because 
of the missing values in blocks 5 and 6, which have high values throughout. 

In conclusion, it will be instructive to derive the equations for 
determining the missing values, in order to illustrate the application of 
the direct method to numerical data. ‘The derivation of the equations ab 
initio is always the safest procedure in complex experiments where there 
may be some doubt as to the correct formula for a single missing plot. 

In this example the error sum of squares is obtained by subtracting 
the sums of squares for blocks and treatments from the total sum of 
squares. Omitting numerical terms, i.e. terms not containing any letter, 
these sums of squares are as follows: 


Total: a? +a+6+...+i). 
Blocks: 
1{(20-48 +-a)? +(19°38 +...+-(1g:10 
- 4,(223°85 +a+5b+...+i). 
Treatments: 
+b)? (24-96 +f)? +... + (25°59 


do(223°85 +a+56+...+2)%. 


‘The equation with d as leading term, for example, can now be written 
down by differentiating these three quantities with respect to d, and 
subtracting the last two differentials from the first. On performing this 
operation, “and dividing by 2, we obtain 


=o. 


The other equations may be obtained likewise. On multiplication by 
8o, and simplification, we have, finally, 


+63a + 165 +1¢ tid + 1e +1 Ig th = 20011, 
+ +63 + I + I I I I 190°03, 
+63 I 7 + I I I 231°67, 

I I - 2 +63 9 Es I I I 199°35, 

I I 9 +-63 I I I I 200'07, 

I I I I + 63 9 I I 199°73, 

I I I I I 9 +63 I 7 19501, 

I I I I I ri I 63 9 239°07, 

I I I I I I q 9 +63 r62°Fr. 


The solution of these equations may be effected by iterative methods 
similar to those used in conjunction with the formula for a single missing 
plot. 

Tests of significance.—If values are found for the missing plots 
by the method already explained, and an analysis of variance made on 
the completed set of yields, the residual sum of squares will be the same 
as the residual sum of squares obtained when a direct fitting of constants 
is made, in virtue of the theory given in section 2. The number of 
degrees of freedom corresponding to this sum of squares will be the 
number attributable to the residual sum of squares in a similar but 
complete experiment less the number of missing plots, for the number 
of fitted constants is the same as in the complete experiment and the 
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number of independent values (yields) less by the number missing. In 
so far as the residual variance is concerned, therefore, it is only necessary 
to reduce the number of degrees of freedom in the analysis of the com- 
pleted set of values by the number of missing plots. 

The variance ascribable to treatments (or any other classification) 
requires more careful consideration. In general, in non-orthogonal 
experiments the significance of any set of fitted constants may be tested 
by finding the further reduction in the sum of squares due to the fitting 
of these constants simultaneously with constants corresponding to all 
the other classifications [1]. In certain circumstances it is permissible 
to neglect some of the classifications (such as treatment interactions) but 
this point need not concern us here. ‘Therefore, in order to test the 
significance of treatments in a randomized block experiment with 
missing plots it is necessary to find the difference of the sum of squares 
removed by the fitting of constants corresponding to both blocks and 
treatments and that removed by constants for blocks only. 

The sum of squares removed by block and treatment constants can 
be found by calculating the total sum of squares of the original yields 
without the missing values (less the correction for the mean) and deduct- 
ing the residual sum of squares found by analysis of the completed 
experiment, which, as mentioned above, is equivalent to the residual 
sum of squares obtained with a direct fitting of the constants. ‘The sum 
of squares removed by blocks only is obtained directly from the original 
block totals, following the procedure of the analysis of variance with 
unequal numbers in the different classes [4,§ 44]. The various steps 
will best be made clear by an example. 

Example.—The ordinary analysis of variance of the completed set of 
values of the experiment on potatoes already described is given in Table 3 
and the correct value for the treatment variance is obtained in ‘Table 4. 
In this latter table the total sum of squares is the sum of the squares of 
the deviations of all the values in Table 1 from their mean, and the error 
sum of squares comes from Table 3, giving the blocks and treatments 
sum of squares; the sum of squares for blocks only comes from the block 
totals of ‘Table 1, each total after squaring being divided by the number 
of plots in that block. The difference of these last two quantities gives 
the proper sum of squares by which treatments may be tested. 

The correct mean square for treatments is seen to be less than the 
mean square obtained by the analysis of the completed set of values. 
That this is always so can be shown by the following line of reasoning. 


TABLE 3. Analysis of Completed Values 


Degrees of — Sum of Mean 
freedom squares square z 
Blocks 9 9°7176 1°0797 0°596 
797 
‘Treatments 7 675812 "9402 0°528 
Error 54 17°6902 0°3276 
Total 7° 33°9890 
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TaB_e 4. Analysis of Original Values 


Degrees of Sum of Mean 


freedom squares square z 
Fotal .. 70 32°1012 
Error . 54 17°6902 0°3276 
Blocks and treatments 16 14°4110 
Blocks only. 9 8-5690 
Difference : 5°8420 0°8346 0°467 


For simplicity, the case of a randomized block experiment is chosen, as 
in section 2. 

An analysis of variance may be made with letters for the unknown 
yields, ignoring the classification to be tested, i.e. in the case of a random- 
ized block experiment an analysis for blocks only. It is clear that an 
auxiliary set of values may be obtained which will minimize the residual 
sum of squares of this analysis. In the notation of section 2 the auxiliary 
set of values is such that S(V,—k—b,)? 


is aS a minimum, the summation being taken over all existing plots, 
when k and 6, have the values k’ and b, given by 


yp 

I F 


where the summations now include the missing plots, the auxiliary 
values being taken. 


The analysis of the two completed sets of yields may be set out as 
follows, the letters denoting the sums of squares. 


Ordinary values Auxiliary values 
Blocks B, Blocks B. 
Treatments Residuals E, 
Error E, Total 
Total S 


If the sum of squares of the deviations of the existing yields from their 
mean is denoted by S, the reduction in this sum of squares due to fitting 
block and treatment constants is S—E,, and the reduction due to 
fitting constants for blocks only is S—E,, in virtue of the relations 
established in section 2. The difference between these two quantities, 
which is - correct sum of squares for testing treatments, is therefore 


E—E 
T,—S,+B,+S,—B, 


Now S,—B, is clearly equal to S(y,,—k—6,)?, the summation being 
taken over all the plots with the ordinary values of the missing plots, 
and S,,—B,, is equal to S(y,,—k’ —b,)?, the auxiliary values of the missing 
plots being taken, so that the terms corresponding to the missing plots 
are zero in the second summation. The values of k’ and b/ are such that 


the second expression is a minimum, and therefore S(y,,—k—6,)? must 


| 
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be greater than S(y,,—k’—b;)?. Hence the sum of squares due to 
treatments in the analy sis of the completed ordinary set of values (7)) 
must be greater than the correct sum of squares by which treatments 
may be tested. The same argument holds, with the addition of extra 
sets of constants, for more complex classifications. 

In consequence of this result the significance of any effect is always 
slightly exaggerated in the analysis of variance of the completed set of 
values, when this analysis is made on the ordinary lines except for the 
reduction of the number of degrees of freedom for error by the number 
of missing plots. If, therefore, an effect is found to be not significant 
in this analysis there is no need to make any further test. On the other 
hand, if an effect is found to be significant there is theoretically need for 
further analysis. In practice, however, the difference between the correct 
and approximate sum of squares is never likely to be great enough to 
affect the tests of significance seriously, except, perhaps, in cases where 
a large proportion of the plots is missing. 

In the case of a randomized block experiment the amount by which 
the treatment sum of squares should be reduced is capable of direct 
expression by a simple formula. The estimated yield of the missing plot 
of a block containing only one such plot will be denoted by a, the block 
total excluding this plot by Q,, and including this plot by Vue For a 
block containing two missing plots the corresponding quantities are 
taken as b,, 6,, O,, and V,, ¥, ¥, etc., denote summation over all blocks 

1 2 


containing one, two, or more missing plots. As before p represents the 
number of treatments. 
Omitting terms not containing a, 5,, b., etc., we have 


Since, as pointed out above, the auxiliary values of the missing plots in 
the case of a randomized block experiment are merely the block means, 


the value of S,—B, may be immediately obtained by substitution of 


O,,(p—1) for a, O,,(p—2) for b, and 6,, etc., in the above expression. 
This gives 


1 


Thus 
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and this, by the identity between the ” quantities x, f, y,... 

and the substitution of V,, for O,,+-a, etc., reduces to 


: {2V, —p(b, +5.) + 


| 


which is the expression required. ‘This formula clearly shows that the 
difference is never likely to be large. 
Applying the formula to the potato experiment already worked out, 
, the difference is found to be 0°7391, which agrees with the result 
| previously obtained. ‘The difference for the sum of squares due to blocks 
in the same experiment is 1-6630, giving a corrected mean square of 
08950 (z = 0°503). Neither of these corrections seriously alters the 
significance of the results. If only a single plot is missing the differences 


are likely to be quite trivial. 
f The strict analysis of more complex classifications is not so simple, 
, for the reason that the reduction in the sum of squares due to the fitting 


of all sets of constants other than the one under test cannot be directly 
computed. In a Latin square, for example, in order to test the signi- 
ficance of the treatments it is necessary to compute the reduction in the 
sum of squares due to fitting constants for rows and columns only; this 
can best be done by finding an auxiliary set of values for the missing 
plots, neglecting the treatment classification, i.e. by utilizing the formula 
for randomized blocks, taking rows and columns in place of blocks and 
treatments. For a Latin square the difference between the sums of 
squares does not lend itself to simple expression by means of a formula 
except in the case when one plot is missing. In the notation of section 2 
the difference then is 


TY. 
(p—1)'(p—2)° 

Similar methods could be applied to other complex classifications such 
as occur when it is desired to split up the general treatment effect into 
different components, but in practice the analysis of the completed 
vields will be sufficiently accurate, except in cases where a large propor- 
tion of the results are missing. In such cases the direct fitting of constants 
may prove the easier method of approach. 

In the example already given seven degrees of freedom for treatments 
may be split up in the analysis of the completed set of yields into seven 
single degrees of freedom, corresponding to direct effects and first and 
second order interactions, but it is unnecessary to proceed farther with 
the analysis here, which is better made in conjunction with the other 
part of the experiment (not reproduced). 
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6. Errors of treatment means.—If the main tests of significance are 
made by means of an analysis of variance there is no need to make any 
very precise determination ‘of the standard errors of the treatment means. 
Nevertheless the provision of standard errors is useful as an indication 
of the accuracy of the results, and it will therefore be of interest to see 
what differences are made by missing plots. 

When only a single plot is missing the treatment mean containing the 
estimated value of the missing plot can easily be expressed as a linear 
function of all the known yields, whence its variance can be calculated 
in the ordinary manner. If o? is the variance of a single yield, the variance 
in the case of a randomized block is, in the previous notation, 


and in the case of a ites square it is 


(p—1)(p—2)) 
The variances of the other treatment means are, of course, o7/g and o7/p 
respectively. ‘Thus in a randomized block experiment with six treatments 
and four replications the variance is 1-40 times what it would have been 
with no plot missing, and in a 55 Latin square 1-42 times. ‘The 
variance of the differences of this and any other mean is therefore in 
both these cases about 1-2 times what it should have been. In other 
words the significant difference is about 10 per cent. greater. 

When only one plot is missing the treatment mean containing this 
plot is uncorrelated with the other treatment means, and therefore the 
variance of the difference of two means is the sum of the variances of 
these means. If more than one plot is missing this is in general only true 
of differences between means, one of which contains no missing plot. 
Consequently, in order to find the variance of the difference of two 
treatment means both of which contain missing plots, it is necessary 
to express the difference of the two means as a linear function of the 
known yields. If the number of missing plots is greater than two or 
three this involves heavy algebra, which is not worth while. An alterna- 
tive method of approach by fitting constants directly and inverting the 
determinant is equally laborious. 

Although when a number of plots are missing the computation of the 
standard errors of the differences of treatment means is not practicable, 
in the case of a randomized block it is easy to fix upper and lower limits 
between which the errors must lie. A lower limit is provided by ignoring 
the block classification altogether, and an upper limit by rejecting all 
those blocks which do not contain both treatments. Thus in the experi- 
ment already considered the variance of the difference between the 
treatment means for NP and NK must be greater than ( }+-})o and less 
than jo”, i.e. it must lie between 0:2350? and 0-28607. A good working 
rule is to give half weight to each plot of a treatment which has no 
corresponding plot in the same block belonging the other treatment. 
This will give (,!, + §)o”, or 0-258" as the value of the variance in question. 
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A similar rule might be formulated for a Latin square, each yield which 
has the corresponding yield of the other treatment missing in either row 
or column being given a weight of 3, or } if both the corresponding 
yields are missing. 

7. Use of the missing plot technique in testing interactions.—In an 
ordinary analysis of variance it sometimes happens that when a set of 
interactions is found to be significant, there is a probability that the 
whole of this significance may be accounted for by a single outstanding 
value. This hypothesis may be rigorously tested by omitting the out- 
standing value, and supplying a new value in its place by means of 
the formula for a missing plot. ‘The new variance for interaction 
(the number of degrees of freedom being diminished by one) can 
then be calculated and tested. The procedure is best illustrated by an 
example. 

Example.—Table 5 gives the logarithms of the mean yields of four 
varieties of cotton at seven different centres. At each centre a 44 
Latin square was laid out. Logarithmic yields are taken in order to 
equalize the variances at different centres, the standard errors being 
found to be roughly proportional to the mean yields. The estimate 
of the variance of a single entry of the table from the variances at the 
different centres was found to be 0-0008686. 


TABLE 5 
Centres A B C D Total D—}(A+B+C) 
I 0°097 o'149 0°246 0682 
2 0°528 0°538 0°450 0°593 2°109 0088 
3 0°290 0°276 0°356 1°160 0088 
4 o'959 o-981 1°248 4°209 o'261 
5 o'164 0176 0°233 0°722 0°070 
6 0°566 0°494 2°233 0-092 
o'614 o'601 0°647 2°512 0°025 
Total 3°409 3°206 3°062 3°950 13°627 


The analysis of variance is given in Table 6. Varieties, places, and the 
interactions between them are all significant. The last column of Table 5, 
giving the difference between D and the mean of the other three varieties, 
indicates that the extra high yield of D at the high yielding centre, 4, is 
exceptional, and may therefore account for most of the interaction. 


TABLE 6 
Degrees of Sum of Mean 
freedom squares square z 
Varieties 3 0064897  0°021632 
Places. 6 2°316032 0°386005 
Interactions . 18 0°032653 o7001814 0°3680 


Total . 27 2°413582 


Error. 42 00008686 
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The value of the yield of D given by the missing plot formula is 1-064. 


The new analysis of variance based on this value is given in ‘Table 7 


TABLE 7 


Degrees of Sum of Mean 

freedom squares square 
Varieties 3 0°039965 0°01 3322 
Places 6 2°115157 0°352526 
Interactions . 17 0000644 
Total . ; 26 2°166063 


‘The interaction mean square is now below expectation, and the single 
abnormal value therefore accounts entirely for the original significance. 
‘The sums of squares due to varieties and places are also reduced in the 
new analysis. ‘This is to be expected since the average varietal and place 
effects excluding the anomalous value of D at 4 are now what are 
approximately represented. ‘Tests of significance may be made if so 
desired. The difference between the original and new interaction sums 
of squares, 0:021712 (one degree of freedom) also gives,a valid test of 
significance which may be employed to test a single outstanding value 
when interactions as a whole are not significant, if there is a priori ground 
for believing that this value may in fact be different from the others. 

Summary.— Vhe procedure introduced by Miss Allan and Dr. Wishart 
for supplying a missing value in a table of experimental results, such as 
the plot yields of a field trial, so that the treatment means form unbiased 
and efficient estimates of the treatment effects, is here extended to enable 
any number of missing values to be replaced, it being shown that the 
method of derivation adopted previously is equivalent to the simpler 
method of minimizing the error term in the ordinary analysis of variance. 
‘The solution of a complex example is effected by iterative methods. 

The validity of analysis of variance on the completed table of values 
is investigated. It is shown that when the degrees of freedom allotted to 
error are reduced by the number of values replaced, there is little disturb- 
ance, provided that the number of missing values is not too great. Such 
disturbance as there is always exaggerates the significance of the results. 
‘The standard errors of the treatment means are also briefly discussed. 

The use of the missing-plot technique for further analysing inter- 
actions, whose significance is believed to be due to a few anomalous 
values, is illustrated by the analysis of a set of varietal trials on cotton. 
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THE A.L.V.-METHOD OF PRESERVING FRESH FODDER! 


ARTTURI I. VIRTANEN 


(Laboratory of the Co-operative Butter Export Association, Valio, Helsingfors, 
Finland) 


With PLATE 11 


Introduction.—One of the vital problems of modern agriculture has been 
to discover a process for preserving cattle fodder that will fulfil the fol- 
lowing main requirements: (@) retention to the fullest possible extent of 
the original nutritive value and vitamin-content of the fresh material, 
c.g. grass; and (6) production of a wholesome and palatable food. Such 
a process, provided it were economic, would open up new possibilities for 
dairy farming, especially by making possible the utilization of grass at 
an early stage of growth, when its protein-content and digestibility are 
high and its fibre-content is low. 

‘Such a fodder would have the following advantages: (1) it would make 
feeding very simple, because the chief constituent of the ration would 
contain sufficient protein; (2) the use of purchased concentrates would 
be considerably reduced or made superfluous; (3) high milk-production 
could be attained with the use of home-produced fodder; (4) the high 
vitamin-content of milk would be maintained throughout the winter; 
and (5) the cost of milk-production would be considerably reduced. 

Earlier phases of the problen.—The preparation of ordinary silage has, 
for practical reasons, been developed along different lines in different 
countries, and various methods have been proposed to improve the 
quality of the product.’ Without entering into details, it will suffice to 
state that the preparation of ordinary silage is always based either on 
lactic fermentation or on combined lactic and acetic fermentations. The 
course and rate of fermentation depend upon several factors, e.g. tem- 
perature, the amount of soluble carbohydrates and of protein (especially 
soluble nitrogenous compounds) present, content of air, etc.; and suc- 
cess in preservation varies considerably in different cases. ‘The best 
results are obtained with fodders poor in protein and rich in carbo- 
hydrates, but great difficulties are met with in preserving crops that are 
rich in protein and comparatively poor in sugar. The latter kind of 
fodder is, however, the most valuable in practical dairy farming. 

In Germany, Véltz has suggested the addition of sugar to promote 
lactic fermentation in fodders rich in protein. ‘This method does, in 
fact, considerably improve the quality of the fodder, but as successful 
preservation involves chafing the fodder and erecting watertight and 
airtight containers, the expenses incurred are very heavy. A method 


' The author has also described his method in the following foreign publications: 
Valion laboratorion julkaisuja, 1929-32; Medd. fran Jordbrukstekniska Foreningen, 
Nos. 29 and 30 (Upsala, 1932); Melding fra Norsk Forkonservering ‘Nofo’ (Oslo, 
1932); Schweizerische Landwirtschaftliche Monatshefte, 10, 1932; Le Lait, Nos. 
123, 124, 1933; and Acta Chemica Fennica A, 6, 1933.—Edit. 
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based on fermentation will never be quite reliable. Attempts to pre- 
serve fodder in vacuo or by adding different compounds, e.g. carbon 
bisulphide, formalin, or bleaching powder, have not led to practical 
results. Nor did attempts to preserve fodder by adding acid lead to 
positive results before the year 1928, when our first large-scale experi- 
ments were made. ‘The German experiments on fodder-preservation 
with acid will be discussed later. 

Discovery of the A.I.V.-method and its theoretical basis —The main 
difficulty in preserving fodder is to prevent break-down of protein, and 
once this is accomplished the problem may be regarded as solved. This 
leading idea served as a basis for my investigations, which were begun 
in Valio’s laboratory in the summer of 1925. The following working 
hypothesis was used in the practical solution of the problem: 

Our investigations had shown that neither plant-cells nor anaerobic 
micro-organisms contain proteolytic enzymes that are active below 
pH 4. Consequently, the detrimental break-down of proteins will not 
occur in a fodder with pH below 4 (‘Table 1). 


TABLE 1. Break-down of protein in clover-aftermath during 
4 months 


No acid 
Hydrochloric acid added added 
Initial pH Initial pH Initial pH 
41 4°5 
Fresh final pH final pH final pH final pH 
crop 36 43 4°6 45 
Soluble nitrogen 


as °, of total 

nitrogen = 26 28 44 60 65 
Ammonia _ nitro- 

gen as °% of 

total nitrogen . rs 2 12 21 22 


The respiration of plant-cells, which may cause considerable losses 
in an unchaffed fodder during the first few days, is also suppressed as 
acidity gradually rises, being at pH 3-5 only about 20 per cent. of the 
normal and ceasing completely at about pH 3. 

Butyric fermentation is inhibited below pH 4. Jt was therefore to be 
expected that all detrimental break-down processes in the fodder would 
be eliminated by treating the fodder, at the time of ensiling, with such 
amounts of acid as would rapidly raise the acidity of the mass to a point 
below pH 4. 

All our experimental work on the solution of the problem was based 
on the above assumption. My assistant, Dr. H. Karstrém, rendered me 
very valuable services in carrying out the experiments. The first question 
to be solved was to ascertain the amounts of different acids to be added 
to the fodder in order to attain a degree of acidity below pH 4. It was 
found that the amounts of strong mineral acids, e.g. hydrochloric and 
sulphuric acids, necessary to produce this degree of acidity were not so 
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Fic. 1. Results of experiments with green pea (curve I) and red 
clover (curve II) indicating how intensity of respiration depends 
on hydrogen-ion concentration. 
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Fic. 2. Results of experiments with rye-seedlings, showing the 


effects of hydrochloric, phosphoric, and lactic acids on the hydro- 
gen-ion concentration in 100 gm. of fresh material. 
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great that they (especially hydrochloric acid) became physiologically harm- 
ful. This question was, however, to be solved by practical feeding trials. 

The curves in Fig. 2 indicate clearly how different acids raise the 
acidity of the fodder. 

The experiments show that the amounts of lactic and phosphoric acids 
required to produce a pH value of, for example, 3-6 were much greater 
than the amount of hydrochloric acid required for the same purpose. 

As the curves show, different kinds of plants require different amounts 
of acids to bring their acidity to a given level, e.g. leguminous plants 
require more acid than timothy. This point is of great practical impor- 
tance. 

The amount of acid required does not, however, depend solely on the 
kind of plant, but also on the acidity and the lime-content of the soil in 
which it grows. 

All our laboratory experiments indicated that, for economic reasons, 
only strong mineral acids could be used in practical fodder-preservation, 
and that somewhat different amounts of acids should be used with 
different kinds of plants. These results, which were confirmed later by 
Sjéberg and Kohler [1] in Sweden, thus supported my working hypo- 
thesis. ‘The practical possibilities of the idea, and the palatability of a 
fodder acidified with strong mineral acids to pH 3-4, could not, however, 
be ascertained by laboratory experiments. In practice, the palatability 
of a fodder is as important as its successful preservation; but before 
considering the physiological effects of A.I.V.-fodder it is advisable to 
discuss the important question of the cause of acidity in A.I.V.-fodder. 

When a sample of fresh grass is treated with sufficient hydrochloric 
acid, say, of 2 N concentration, in order to lower the pH-value of the juice, 
after about twenty hours’ storage (under compression), to, say, pH 3:6, 
it will be found that during this time no lactic acid or acetic acid is 
formed in the mass. 

If the sample is treated with toluene or kept at o C. to prevent fer- 
mentation, the acidity will remain unaltered during a long period. If 
no toluene is added, or if the sample is kept at room-temperature, small 
amounts of acetic and lactic acids will be formed over longer periods 
(several weeks or months). ‘The pH of the fodder is, however, hardly 
affected by the formation of these weak acids, sinking only, for instance, 
from pH 3°6 to 35 or 3:4. Such a slight change has no influence on the 
preservation. These experiments show that the preservation is actually 
effected by the mineral acid, provided that the pH of the fodder is initially 
lowered below pH 4. Although a weak lactic fermentation takes place 
even at the said degree of acidity, it has, however, no noticeable effect 
on the preservation, since the acidity of the fodder is thereby altered but 
very slightly (cf. the curves in Fig. 2). 

Employing several methods, we found that no free hydrochloric acid 
remained in a fodder that had been acidified with hydrochloric acid to 
pH 3°6.! 

' The following method gives very good results. If a sample of fodder acidified 
with HCI to, e.g., pH 3-6 is burned in a slow current of air and the gases evolved are 
collected in water, the solution obtained does not contain chlorine in any form, except- 
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The acidity of a fodder acidified to, say, pH 3-6 by means of hydro- 
chloric or sulphuric acid is thus not due to the presence of free mineral 
acids but to that of protein bodies of acid nature! and also of weaker 
organic acids, like oxalic, malic, and citric acids, which are liberated by 
the stronger ‘mineral acids reacting with the basic constituents of the 
fodder. 

Physiological effects of the fodder on animals.—When judging the 
phy siological effects of A.1.V.-fodder, it is needless to discuss the effect 
of free hydrochloric or sulphuric acid on the health of cattle, since these 
acids are not present in the free state. It is, however, necessary to in- 
quire if the chlorides and sulphates present in the fodder are detrimental 
to the health of the animals. ‘This problem was particularly interesting, 
because the feeding of cattle over long periods with large amounts of 
sulphates or chlorides had never previously been investigated. 

When red clover (with a dry-matter content of about 20 per cent. and 
grown on a soil of pH 6-7) is to be preserved, about 500 gm. HCl 
(7 litres of 2 N. HCl) or about 700 gm. H,SO, (7 litres of 2 N.H,SO,) 
must be used for each 100 kg. of fodder, to bring the pH of the mass to 
about 3°6. If a cow with a live-weight of 500 kg. consumes daily about 
50 kg. of this fodder, it also receives one half of the above amounts of 
Cl’ or SO,’ (provided that no effluent has escaped). 

In the winter of 1928-9 we carried out extensive feeding trials with 
several cows, which were fed for months on A.I.V.-fodder that had been 
preserved with hydrochloric acid, the daily ration being about 10 per 
cent. of the live-weight of the animals. ‘The results showed that the 
amounts of chlorides in question were not harmful to the animals, their 
appetite and general condition remaining excellent during the whole 
period. 

Analyses of the intestines, bones, and flesh of two cows, one of which 
had consumed 4,500 kg. of A.I.V.-fodder and the other 5,600 kg. in six 
months, showed that the feeding had not caused any abnormal changes: 
the weight and composition of the bones, as well as the composition of the 
tissues, were fully normal. ‘The amounts of lime and chlorine in the 
blood were determined in blood-samples taken from several animals and 
were also found to be quite normal. 

Experiments with mixtures of hydrochloric and sulphuric acids 
showed that small amounts of sulphuric acid have a favourable effect 
on the function of the intestines, and at the same time are physiologically 
quite harmless. As economic facts were also in favour of such mixtures, 
the A.I.V.-solution which has been used since the summer of 1929 has 
invariably contained a small amount of sulphuric acid in addition to the 
hydrochloric acid. Our four years’ experience with A.I.V.-fodder has, 
therefore, been based on the use of such acid-mixtures. 


ing negligible traces, which are due to the volatility of alkali chlorides. Nevertheless 


the ash of the fodder is distinctly alkaline. This is an excellent proof that the hydro- 
chloric acid in the fodder actually exists in the form of metallic salts (chiefly as potas- 
sium chloride) and is neither free nor combined with proteins or their decomposition- 
products. 

This explains why plants rich in protein require more acid than plants poor in 
protein. 
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Our experiments with an acid-mixture containing equivalent amounts 
of hydrochloric and sulphuric acids have also turned out very well. 
Several animals have been fed solely on such fodder throughout the 
winter with every sign of success (a cow with a live-weight of 400 kg. 
receiving up to 50 kg. daily). Our investigations on the mineral meta- 
bolism of the animals have shown that about 70 per cent. of the chlorine 
ions and about 85 per cent. of the sulphate ions are removed in the urine 
(and to a very small extent in the milk). The following Table illustrates 
these facts: 


TABLE 2 
The cow was fed daily with 44:25 kg. of A.I.V.-fodder made from 


clover-aftermath (pH 3:6) plus 2 kg. oat-straw, 90 gm. calcium as 
powdered limestone, and 35 gm. sodium chloride. 


Ca K Hcl H,SO, P.O; 
Fed per day gm. gm. gm. gm. gm. 
In A.1.V.-fodder . F 75 150 86 147 52 
,, Oat-straw : ‘ 6 25 6 5 6 
,, sodium chloride 22 
Total 171 175 114 152 58 


Excreted per day: faeces 255 kg. (pH 7-43), urine 16°8 litres (pH 7°50), 
milk 11-3 kg. 


Ca K. HCl P.O; 

Excreted per day gm. gm. gm. gm. gm. 

In faeces. : ‘ 143 2 30 15 44 
» urine. 25 135 gI 120 
milk ‘ ‘ 12 19 4 3 19 
Total . 180 156 125 138 63 


The amounts of calcium and potassium in the urine were thus alone 
almost sufficient to bind the chlorine and sulphate ions. A most 
important fact is that the nitrogen-content of the urine in the above 
experiment was not higher than it was when the animals were fed 
on hay. 

In the above experiment the reaction of the urine was pH 7-50. Only 
negligible amounts of combined carbon dioxide were present. For com- 
parison, it may be mentioned that the urine of cows, fed on hay, contains 
much free and combined carbon dioxide, the potassium being removed 
as bicarbonate. A.I.V.-feeding has, in this respect, brought about a con- 
siderable change in the mineral metabolism. The fact that the natural 
supply of potassium and calcium and of other cations in the fodder is 
sufficient to bind the sulphate and chlorine ions, is of decisive importance 
for the physiological effects of the fodder: the wholesomeness of A.I.V.- 
fodder is thereby explained. 

Feeding-trials with fodder, preserved solely with sulphuric acid, 
showed that this acid cannot be used alone. The animals eat such fodder 
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readily during the first day, but they soon take a dislike to it. If the 
fodder is sprayed with a solution of calcium chloride, the animals can be 
persuaded to consume up to 30 kg. of the fodder daily over a longer 
period, but otherwise the maximum daily ration is only a few kilos. The 
fodder treated with sulphuric acid seems to have had a disturbing effect 
upon the digestion of cellulose, since the faeces contained an abundance 
of ‘sticks’. On account of its unfavourable physiological effects, sulphuric 
acid cannot be used as the sole preservative. 

On the strength of our experience gained in the feeding of A.I.V.- 
fodder to numerous test animals during five years, and in the use of the 
method on several thousands of farms for four years, the following state- 
ment can be made: A.I.V.-fodder has, during the whole time, caused 
no harmful effects whatever; on the contrary, the health of the animals 
has been exceptionally good. No complaints have been made with 
regard to the fecundity of the cows. The calves have invariably been 
healthy and vigorous. A.1.V.-fodder has clearly promoted the growth 
of the calves, obviously owing to its high vitamin-content. In short, 
A.L.V.-fodder has in all respects proved to be.a very wholesome food. 
Horses, pigs, and poultry have also been fed on A.I.V.-fodder with 
success. 

In certain experiments, sufficient acid (either hydrochloric or a mix- 
ture of hydrochloric and sulphuric) was added to the fodder to lower the 
pH of the mass to 2:5. Feeding trials with such fodder proved that 
cattle consumed it only with distinct unwillingness. Consequently, we 
have no accurate data on the effects of such fodder during longer periods, 
but the above observations are sufficient to show that in the feeding of 
cattle such ‘super-acid’ fodder, containing free mineral acid, cannot be 
used in large quantities. 

Characteristics and properties of A.V .-fodder.—The idea underlying 
the A.I.V.-method can be illustrated as follows: 


Fodder keeps well 
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The nutritive losses in fodder are partly due to the escaping effluent, 
partly to the respiration of plant-cells, and partly to the fermentations 
caused by bacteria and yeasts. In a fodder made from grass, I should 
estimate the average nutritive losses to be about 5 per cent., provided 
that no side-losses occur and that the surface is free from mould. If the 
work is done strictly in accordance with our instructions, mould will 
cause no trouble. The nutritive losses fall in the first place on the non- 
nitrogenous constituents, chiefly the carbohydrates, and naturally vary 
to some extent with the quality of the raw material. In this respect the 
moisture-content of the toch fodder and the amount of effluent are im- 
portant factors. The effluent from A.I.V.-fodder is fortunately rather 
poor in nutrients, since no appreciable break-down can occur and the 
amount of water-soluble substances produced is consequently very 
limited. ‘Thus the effluent of A.I.V.-fodder made from clover contains 
only o-4-0-8 per cent. of crude protein, whereas the effluent from 
ordinary silage contains about 2-3 per cent. of crude protein. The 
amounts of substances escaping with the effluent are given in Table 3. 
The first container was filled with clover-aftermath in rainy weather, the 
second also with clover-aftermath, but in fine weather. In both experi- 
ments 6:5 litres of a 2 N acid solution (composed of equivalent amounts of 
sulphuric and hydrochloric acids) were used for each 100 kg. of fresh 
fodder. 


TABLE 3 
Filled in Found in the effluent 
Amount 
Green Dry Dry Crude 0, 
Pit fodder matter matter protein’ Ash effluent 
No. pH kg. % kg. keg. litres Organic matter Crude protein Ash 
of the of 
dry the crude of the 
matter protein ash of 
of green of green green 
kg. fodder keg. fodder kg. fodder 
I «11,060 17°4 1,919 362 225 2,510 74°60 14°94 38°30 
Il 38 10,990 21°6 2,376 487 218 880 33°0 1°39 5°74 1°17 13°24 6°07 


Table 4 shows the composition of the ash of the original fresh fodder 
and of the efHuent which escaped from it during storage. 


TABLE 4 
Fresh fodder Effluent 
Composition of ash Composition of ash 
Pit No.1 Pit No. 1 
K,0 35°5 33°3 
CaO 14°9 50 
MgO 5°4 
6:0 6:0 
Cl 48 
SO, 58 18-7 
Insoluble 2°8 
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The fact that the amount of nutrients in the effluent from A.1.V.- 
fodder is very small is of great importance, for it makes possible the use 
of inexpensive and non-watertight containers. Moreover, we have 
found that the use of watertight containers is not even advisable, 
especially with moist fodders, since cattle dislike, and often refuse to eat, 
fodder which has been soaking i in water. 

A.I.V.-fodder can, if necessary, be fed to cattle directly after ensiling. 
Since the method is not based on fermentations, the fodder does not 
require time for ‘ripening’. After the fodder has been stored for several 
months, the following amounts of lactic and acetic acids and of alcohol 
are found: 


TABLE 5 
Dry Lactic acid Acetic acid Ethyl alcohol 
matter of total of total as of total 
pH % Fresh matter fresh matter Fresh matter 
A. I. V. - fodder 
from clover- 
aftermath 25 22°8 0°38 
— —fromtimothy 3:9 30°3 0°62 0°30 


Butyric acid is never found in the material if the acidity of the fodder 
is brought below pH 4 at the time of ensiling. 

As additional proof of the insignificance of fermentation processes in 
A.1.V.-fodder, acidified below pH 4, the fact should be noted that such 
fodder always contains reducing sugar, which is never found in ordinary 
silage. The amounts of reducing sugar in several samples of A.I.V.- 
fodder have varied from ’t to 8 per cent. of the dry matter. 

The vitamins are also remarkably well preserved in A.I.V.-fodder,. 
According to our determinations [2] carotene (the precursor of vitamin A) 
is retained quantitatively, its amount being even increased during storage. 
The cause of this increase is still problematic. Of vitamin C, about 50 
per cent. is retained after storage for six to ten months. For comparison, 
it may be mentioned that the vitamin-C content of hay is reduced in a 
few weeks to 2-3 per cent. and in a few months to o~-1 per cent. of the 
original value. ‘The carotene-content of hay after five months was re- 
duced by about 50 per cent. 

The quality of milk, produced with A.I.V.-fodder.—Investigations 
respecting the influence of A.1.V.-fodder on the composition, taste, smell, 
and bacteriological properties of milk led to the following results: no 
strange smell or taste could be observed even by ample feeding with 
A.I.V.-fodder. On the contrary, the milk was more full in flavour than 
that of cows fed on hay, and resembled that of summer milk. ‘The fodder 
has had practically no effect at all on the composition of the ash of the 
milk. The carotene- and vitamin-A contents of the milk will, in my 
opinion, be approximately the same as in summer, provided that A.I.V.- 
fodder forms the chief part of the feeding. 

The quality of butter is distinctly improved by A.I.V.-feeding: it 
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retains its soft consistency even in winter, as the oleic-acid content of the 
butter-fat maintains its summer level. ‘The hardness and brittleness of 
winter butter, produced by hay-feeding, is thus avoided. Winter butter 
also acquires the golden colour of summer butter, owing to its high con- 
tent of carotene. 

In the manufacture of certain grades of cheese, A.1.V.-feeding has been 
found to cause disturbances, due to soil particles, containing butyric- 
acid bacilli, getting into the fodder and protecting the spores of the 
micro- -organisms from the influence of acid. It is not advisable, therefore, 
to use A.I.V.-milk in making Emmenthaler (Gruyere) cheese, as this 
cheese is extremely susceptible to butyric-acid bacilli. On the other 
hand, our experiments and practical experience in Finland have shown 
that cheeses like the Dutch Edam and Gouda can be successfully 
prepared from A.I.V.-milk. 

The A.I.V.-method, as compared with other attempts to preserve fodder 
with acids.—With regard to the attempts that have been made to pre- 
serve fodder with benzoic or hydrochloric acid, Schweizer [3] states that 
when small quantities of acid were used in his experiments the fodder 
decayed, and when larger quantities were used the cattle either refused 
to eat it or, if they did eat it, they fell ill in a couple of days and began to 
waste. Schweizer’s results can easily be understood on the basis of our 
investigations: either he used insufficient acid, in which case the pH 
of the fodder remained considerably above 4, or too much acid, resulting 
in a pH below 3. 

Fingerling [4] has tried to preserve fresh fodder by immersing it in a 
solution of hydrochloric acid. According to his claim, when applying 
for a patent, the hydrogen-ion concentration of this solution must be 
maintained at pH 2 throughout the whole period of preservation. Apart 
from the fact that such an immersion method could hardly prove prac- 
tical, the amount of acid required to maintain the acidity at pH 2 is 
phy siologically impossible. 

Kapff [5] has suggested the use of formic acid or a mixture of formic 
and hydrochloric acids as preservative. ‘The amounts of acid he uses are 
so small, however, that they have very little effect on the acidity of fodder. 
His method is based on the specific antiseptic properties of formic acid. 

The use of mineral acids in fodder-preservation had thus been tested 
experimentally (chiefly on a laboratory scale) before the year 1928. ‘These 
experiments, however, failed, because they provided no practical method 
of ensuring successful preservation and a palatable and wholesome fod- 
der. This view is also held by Kirsch and Hildebrandt, who in their 
book, Die Silofutterbereitung nach dem Kaltgdérverfahren, published in 
1930, stated, inter alia, ‘it is hopeless to suggest the use of hydrochloric 
acid in fodder- -preservation’. Subsequently, Kirsch and Hildebrandt 
have introduced into Germany the so-called ‘Defu’ method, which very 
closely resembles my own. They also prescribe different amounts of 

acid for different kinds of plants; thus, the ‘Defu’ instructions for this 
summer prescribe increased amounts of acid for leguminous crops. In 
certain cases, sugar is used in addition to acid, to promote the formation 
of lactic acid, and thus reach a pH-value below pH 4, for which purpose 
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the prescribed amounts of mineral acids are alone insufficient. In my 
opinion, this method will not give the results that are obtainable by using 
the larger amounts of acid right in the beginning. 

Exploitation and development of the A.1I.V.-method.—In the summer 
of 1928 fodder was preserved by the new method in wooden silo- 
towers and ground-pits. In the autumn of 1928 my colleague, Mr. 
Rosenqvist, agricultural expert to Valio, and | devised a very inexpen- 
sive and practical form of fodder-container. Ground-pits, lined with 
boards or concrete or, in a suitable soil, unlined, proved to be most 
suitable, at least in Finland. A special upper structure was used, in order 
to effect a tight packing of the fodder and make it possible to have the 
pit completely filled. ‘The upper structure was made somewhat wider than 
the bottom structure, to aid the settling of the fodder. If the soil is 
unsuitable for a pit- -silo, the bottom structure can naturally be built 
above-ground and the upper structure be used in the filling, as usual. 
The proper height of the upper structure is 2 m., when the depth of the 
bottom structure is 1:5 m. ‘The photographs in Plate 11 illustrate our 
system. 

In practical trials the fodder was sprayed, layer by layer, with the acid 
solution. It was found that a uniform mixing of the acid with fodder was 
brought about by using layers of 200 kg. fodder in pits of 5 m. diameter, 
and 70 kg. in 3 m. pits. If thicker layers were used, the mixing of acid 
was not sufficiently uniform, especially with dry fodders. A 2N acid 
solution proved to be suitable for spraying. 

In the pits the fodder was covered first with paper or similar material, 
and then with earth. Clay could be laid directly on the fodder. In silo- 
towers the fodder was cov ‘ered with a wooden cover. Since 1929 we have 
published in Finland special instruction booklets containing practical 
details, including the amounts of acid required for different crops. 
Similar booklets have lately been published in several other countries. 

‘The practical working of the A.I.V.-method is quite reliable and, at the 
same time, very inexpensive. It renders possible the attainment of a 
standard of miik- -production, without the use of concentrates, costs of 
production being, therefore, greatly reduced. On Hiitola farm an 
Ayrshire cow has been consuming since January 1930 an average 
daily ration of 42 kg. of A.I.V.-fodder, prepared from grass rich in 
clover, and 2°5 kg. of hay. During summer the cow has been on pasture 
for about four months. The milk-production of the cow has been as 
follows: 


TABLE 6 
Date of Milk Butter- Butter- 
Year calving kg. fat °o fat k.g. Ration. 
1929 2/3 1929 4,298 4°08 175°4 Hay, turnip, con- 
centrates 
1930 18/2 1930 4,005 3°92 157'0 A.1.V.-fodder 
1931 1/2 1931 4,334 4°07 176°4 
1932 3/2 1932 3,933 3°97 156-2 
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The way the feeding of cattle has been arranged on farms where the 
A.1.V.-method has been adopted is shown in the following table. 
Pekkala Farm is one of the several thousand Finnish farms which have 
now used A.I.V.-fodder for four years. 

The use of oil-cakes can thus be completely given up and yet pro- 
duction maintained at its normal level. 

The A.I.V.-method is now used on many thousands of farms in Fin- 
land; but as the greatest amounts of acid are sold to co-operative dairies, 
which distribute it among their members, no accurate figures of the 


‘TABLE 7 

Pekkala Farm 1927-8 1929-30 1930-1 1931-2 
Oil-cakes °,, 20°3 ° 
Other concentrates °, . 16:2 14°3 14°8 
Hay % 26°1 22°0 | 13°5 
Straw 10°8 13°4 81 11°6 
Other fresh fodder °,, 5°5 4°6 5°8 74" 
A.1.V.-fodder °,, . : ° 4°3 14'0 
Pasture °, . 16°5 20°9 23°3 22°3 

* Marrow-stem kale. 

Production 1927-8 1929-30 1930-1 1931-2 
Number of cows . 70°6 65:2 60°4 66-7 
Milk per cow, kg. . , 3,389 3,419 3,718 3,398 
Butter-fat, kg. 129°4 140 147°5 133'8 
Butter-fat °,, 3°82 4°09 40 3°94 

Production of milk 
and amounts of oil- 

cake used 1927-8 1928-9 1929-30 1930-1 1931-2 
Milk per cow during 

12 months, kg. : 3,389 3,500 3,419 3,718 3,398 
Oil-cake per cow dur- 
ing 12 months, kg. . 495 450 257 160 ° 


number of farms are available. The preparation of A.I.V.-fodder has 
increased more than fourfold since 1929. 

At present we are endeavouring to develop the practical side of the 
method still farther. Special efforts were made last year to find a means 
of preserving fodder without pits or towers, in the same way as we have 
preserved marrow-stem kale and tops, which are not easily attacked by 
moulds. The experiments seem to prove that fodder can be successfully 
protected against mould by treating it with certain inexpensive anti- 
mould preparations, so that in future it may be possible to make A.I.V.- 
fodder in very inexpensive containers. We have also tried to find a more 
concentrated form of acid solution. For this purpose the use of sul- 
phuric acid together with hydrochloric acid offers the best prospects. 
Other possible compounds are sulphuryl chloride, or a mixture of 
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(1) A concrete pit with wooden superstructure (England). Each layer of fresh 

fodder is sprayed with a prescribed amount of A.I.V.-solution from a rubber 

watering-can or from a pump. (2) Filling the superstructure with fresh fodder. 

The pit is sunk right into the ground (Finland). (3) The superstructure having 

been filled, the fodder is being covered: within three days it will sink to the ground- 
level, when the superstructure will be removed (Finland). 


| A 
I 
2 
. 
7 
hurts: 
- 3 
3. 


4 
j § 
4 


THE A.I.V.-METHOD OF PRESERVING FRESH FODDER 155 
thionyl chloride and sulphuryl chloride, which are easily hydrolysed in 
water forming hydrochloric acid and sulphuric or sulphurous acid. Our 
experiments with these comparatively cheap chemicals have given very 
favourable results. Phosphorus pentachloride—put on the market by the 
1.G. Farbenindustrie—is likewise hydrolysed by water (to HCl and 
11;PO,) and would also be a suitable concentrated preservative if used in 
sufficient quantities (in my opinion the amounts given in the advertising 
booklets are not sufficient). Unfortunately the price of phosphorus 
pentachloride makes its use very expensive. For the present, a mixture 
of sulphuric and hydrochloric acids is the cheapest preservative, and 
its price can no doubt be considerably reduced as the demand for it 
increases. 

In my opinion the A.I.V.-method has every chance of coming into 
general use for preserving green fodder, because it enables milk and milk- 
products that are rich in vitamins to be produced at low cost and without 
the use of purchased concentrates. 
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INVESTIGATION OF SOIL PROFILES FROM CYPRUS 
Pt. I, PROFILES OVER DIABASE, GABBRO-NORITE, 
AND PILLOW LAVA. THE SOILS OF CYPRUS, 
A. REIFENBERG and ELINOR K. EWBANK 
(Department of Biochemistry and Colloidal Chemistry, Hebrew University, Jerusalem) 
THE first part of this communication (this 7., 1933, 1, 85) was mainly 
devoted to a description of the weathering of limestone and serpentine. 
In the present paper we describe the weathering of other igneous rocks, 
and conclude with a general discussion of those soils in Cyprus which 
we have investigated. 
The Weathering of Igneous Rocks 

The following table contains approximate climatic data relating to the 
districts where the profiles described in this paper were found: 
TABLE 1 


Heighi Station for Years of Rain- 


rainfall obser- fall Mean Mean 


Profile Place m. calculation vation = yearly winter yearly winter 
F, Kakopetria 500(?)* Evrykhou 15 522 166 13°73 31 39 
G. Stavrovouni 698 635 ca. 15'4 12°1 42 54 
H. Lefka 122 Lefka 15 366 18-9 =615°6 19 23 
I. Ayia Anna 305(?) Korno 10 557 178 = =14°5 30 38 


* The exact height of Kakopetria is not obtainable ; the rainfall there may be appreci- 
ably higher than that at Evrykhou, which has been taken for comparison. 

Diabase and Gabbro.—Diabase and similar rocks are found in the 
central part of the Troddos mountains. ‘They exceed in extent all the 
other igneous rocks of the island. We have examined two profiles over 
such rock, one from the centre of the island and the other from the 
south-east. In general, we have found that diabase in Cyprus gives rise 
to red loams, but the red colour is replaced by a yellow or brown more 
often than in the case of serpentine. 


F. Profile from Gabbro-norite (Kakopetria).—This profile was found 
about 2 miles from Kakopetria on the road from Nicosia to Amiandos. 
At the bottom lies a dense quartz-free gabbro-norite containing ca. 55 per 
cent. plagioclase, of which 80-85 per cent. is anorthite, and ca. 45 per 
cent. pyroxene, of which ca. 30 per cent. is augite and 15 per cent. 
hypersthene. ‘The nature of the layers above this can be seen from 
the following synopsis: 

I. Gabbro-norite (v.s.); 
II. Weathered zone (a) slightly weathered, containing some yellowish 
material, 4 m.; 

III. Weathered zone (b) more weathered, friable, and containing 

more of the yellowish material than (a), 40 cm.; 
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IV. Reddish-yellow loam, 30 cm. 
The results of the chemical analyses are given below:! 


TABLE 2. F. Gabbro-norite profile (Kakopetria) 


I II Ill IV 
Gabbro- Decomposi- | Decomposi- Reddish- 
: norite tion-zone (a) tion-zone (b) yellow loam 
. 49°73 54°00 53°24 50°97 
i Al,O3 16-78 14°41 18°36 22°41 
Fe,0,+ FeO 6°19 7°51 8-65 10°53 
Cau. ‘ 14°94 10°53 10°07 5°83 
MgO . 12°51 "35 8-20 
SiO,/Al,O5 . 50 6°4 4°9 
SiO, /Fe,O3 . ; 19'0 16-2 
In original samples: 
H,O 1°70 4°00 6:99 
H,0O-+ 0°50 2°53 5°30 9°05 


The analyses and the ratio SiO,/Al,O, in zone II show that alumina 
has been removed and has accumulated in the soil. The apparent 
increase of silica in II and III is mainly relative, being due to loss of 
other ingredients. ‘The loss of alumina in II shows that the increase of 
- sesquioxides in IV is not merely relative, i.e. due to the loss of alkaline 

earths. This loss is very great, and for calcium it is over 30 per cent. 
e Potassium and sodium, on the other hand, have increased from one 
e f zone to the next. ‘The final result of weathering is the same here as 
r with serpentine: there is a slight increase of silica and a large increase 
e of sesquioxides in the soil as compared with the parent rock. 
“ G. Diabase profile (Stavrovouni).—The next profile, taken on the 
° Larnaca road near the top of Stavrovouni, was composed of : 


I. Diabase, dense, containing much quartz, and also chlorite, 
coloured brown by iron oxide. 


| II. A zone of weathered diabase with— 

III. greasy red clay in the cracks which may have partly filtered in 
from above, 50 cm. rt 
a IV. Yellowish-brown loam, 50 cm. 

V. Brown loam with a little humus, 10 cm. 


The chemical analysis of the profile is given in Table 3. This diabase 
a differs from F in containing not only quartz but also much ferrous 


' All results in this paper are given on a basis excluding loss on ignition, but in 
4 order that the reader may calculate the percentage composition of the layers, as 
taken, the percentage of each volatile constituent in those layers is also given. 
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oxide, 11-39 per cent. There is very little calcium, but more magnesium. 
The first stage of weathering causes a slight loss of magnesium silicates, 
which is offset by an increase of potassium and sodium. Aluminium, 


TABLE 3. G. Diabase profile (Stavrovouni) 


I II IV V 
Red clay in 
Decomposi- | decomposi- Yellowish- 
Diabase tion-zone tion-zone — brown loam Brown loam 

SiO, 53°92 51°43 51°78 59°72 59°91 
Al, Os 15°18 16°28 19°32 14°67 15°28 
Fe,O, FeO 17°54 17°95 17°91 17°27 16°76 
CaO 2 0°45 0°76 2°59 
MgO ; ; 10°05 8°58 4°30 4°35 3°99 
K,O. orl 1°02 0°48 0°68 1°43 
Na,O 0°95 1°26 1°34 1°47 1°59 
SiO, Al,Os j 6:0 5°4 45 6-9 
SiO, Fe,O, 76 9°3 
SiO, R,O; . 34 31 2°8 39 3°9 
In original samples: 
H,O 4°60 2°66 4°34 
H,O 6°94 7°25 9°85 8-15 18:97 
pH. 6°8 6:8 6°4 6°7 


iron, and calcium have increased, though probably only relatively. The 
red clay (III) in the cracks shows a still greater increase of aluminium, 
which, in comparison with the iron that remains constant, cannoc be 
merely relative and due to loss of magnesium. In horizon IV we find 
a great increase of silica, which is doubtless due to the quartz of the 
diabase remaining intact, whilst alumina is somewhat diminished. 
Horizon V, the true soil, differs from IV in its colour, due to humus, a 
greater water-content, and a slightly greater content of calcium. The 
usual accumulation of sesquioxides is not shown here, owing most 
probably to the silica of the quartz remaining unattacked. Accumulation 
of sesquioxides may be masked by the great increase of silica. It is also 
probable that freshly coagulated and very highly dispersed colloids are 
washed into the lower layer III, so causing impoverishment in the two 
upper layers. The high colloid-content of III indicates the existence of 
such recently coagulated colloids. Mechanical analysis gave the following 
results: 


Ill IV V 
Coarse sand . 28°80 42°42 56°73 
Fine sand. 5°83 4°29 10°02 
Silt . 29°86 29°95 
Colloidal clay “33°96 23°43 3°30 


The calcium of the soil has increased. 
Summary of the weathering of Diabase and Gabbro.—The diabases of 
Cyprus, even more than the serpentines, weather to a yellowish-brown 
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loam. ‘The heavy winter rains cause a loss of alkaline earths, and in the 
dry summer the dissolved potassium and sodium compounds rise by 
capillarity and accumulate in the soil. Although much loss of silica 
must occur, its percentage (as calculated after deducting the loss of 
weight on ignition) remains constant; and only in the case of the quartz- 
containing diabase, profile G, does it accumulate in the soil, owing 
to the quartz being resistant to weathering. ‘This explanation partly 
explains why the marked accumulation of iron and alumina, noticed 
elsewhere and particularly in profile F, is absent in profile G. In F 
there is not only a relative accumulation due to the loss of other com- 
ponents, but a distinct movement of aluminium from the weathered 
zone to the soil. 


H. Pillow lava (Lefka).—The lava is found chiefly on the north side 
of the ‘Troédos mountains. The profile taken from Lefka is of unusual 
interest, as the climate there is much more arid than that of the localities 
where the other profiles were taken. 

The profile was taken on the road between Lefka and Pedoulas, about 
6 miles south of Lefka, and consisted of: 

I. Pillow lava. 
Il. Weathered zone, containing red ferruginous veins, 15 cm. 

LI. Greyish-brown sandy soil, 25 cm. 

Analysis gave: 


TaB_e 4. H. Pillow-lava profile (Lefka) 


I I] 
Decomposition- Greyish- 
Pillow lava sone brown soil 

; 18-16 20°96 18°67 
Fe,0,+FeO . 13°39 11°88 12°50 
CaO ‘ 5°76 3°60 
MgO : 2°76 2°92 
P,O; ; 006 0°03 
SiO, Fe,O; 10°08 12°3 
SiO, K 3°3 3°60 
In original samples : 
H,O— . 9°72 8-95 
Humus O13 
pH ; 71 7% 


Probably, owing to the drier conditions, the chemical changes are less 
marked than in the soils from the igneous rocks described above. At first 
sight the changes in the ratios of the components seem very insignificant, 
yet the results are of real interest. Silica and the sesquioxides remain 
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practically unchanged, but the ratio of silica to iron oxide in the weathered 
zone, as compared with the soil, and the ferruginous veins in the former, 
point to a movement of iron towards the surface. Calcium has moved 
from the weathered zone into the soil, and there is more magnesium 
in the soil than in the rock. Sodium remains the same throughout and 
the change in potassium is insignificant. If the dry climate is the cause 
of restricted hydrolytic dissociation and movement of the sesquioxides, 
its effect is also shown in the results of the mechanical analysis: coarse 
sand 68-70 per cent.; fine sand 4:88 per cent.; silt 24-06 per cent.; 
colloidal clay 4-72 per ‘cent. About 70 per cent. of the earth is sand, and 
but very little colloid formation has taken place. We must picture this 
soil formation as a result of water decomposing the rock during the wet 
season; but this action is not strong enough to cause marked movements 
of the sesquioxides and the newly formed colloidal products. Only the 
iron has moved slightly towards the surface. Weathering is mainly 
influenced by the dryness of the summer. The rising soil solutions bring 
alkaline earths and alkalis to the surface and leave them there on evapora- 
tion. ‘The removal of calcium and magnesium from the weathered zone 
and their increase in the soil are patent. 

Red earths appear only in certain places because, on the whole, Cyprus 
is more arid than other Mediterranean countries. Although w eathering 
of the more easily attacked limestone, even where it is arid in Cyprus, 
may give rise to a red earth, the aridity prevents the igneous rocks from 
being disrupted by hydrolysis. Only where greater humidity allows of 
marked hydrolysis do we find much movement of the sesquioxides and 
marked formation of colloids, i.e. formation of sub-tropical loam. The 
small amount of humus present also points to the aridity of the land; 
but, apart from field observations, we also obtained direct proof that 
under wetter conditions the pillow lavas weather to a red loam. An 
andesitic pillow lava at Ayia Anna (1) weathers to a red loam of the 
following percentage composition: 

SiO, Al,O, CaO MgO K,O Na,O P.O, CO, H,O— H,O+ Humus 
42°88 12°25 7°63 8-92 3°63 0°04 3°50 6°76 2°02 


The Soils of Cyprus 

Our short stay in Cyprus prevented us from making an exhaustive 
soil survey and from studying the most important agricultural soils of 
the Cyprus plains. These soils are often marly and were formed under 
arid conditions; they may be described as greyish-brown desert steppe 
soils (the rain-factor is 20-25), or better, as greyish-brown Mediterranean 
steppe soils. 

The classification of the red soils formed over limestone is quite clear— 
they are typical Mediterranean terra rossa soils—but that of the red soils 
formed over other rocks is less simple. We had recognized before [1] that 
the weathering of basalt much resembles the weathering of limestones to 
red earths, and that, owing to identical climate, similar earths are formed, 
although they may be differently coloured. From previous observations, 
we thought that red earths were formed only from limestone (Palestinian 
calcareous sandstone weathers to a red sand and Palestinian basalt to a 
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chocolate-coloured earth), but observations in Syria, as well as those now 
made in Cyprus, have convinced us that igneous rocks can also weather 
to red-coloured earths, as Polynov has pointed out [2]. 

The soils derived from serpentine are mostly red, but they differ 
considerably in composition from true terra rossa soils; and the high 
magnesium-content of the rock also causes the soil to be rich in magne- 
sium. Per contra, the Cyprian diabases, gabbros, and lavas often produce 
red soils with a composition closely resembling that of true terra rossa, 
except that they usually contain less CO,. We therefore now hold that 
red earths are formed not only over limestones but also over other rocks 
containing alkaline earths. We emphasize, however, that, despite the 
similarity of the final products, the process of formation is not identical 
in the two cases. Owing to the action of the large amount of calcium 
hydroxide formed by dissociation of calcium bicarbonate, and to that 
of other electrolytes, most of the silica is coagulated and retained in the 
soil, which therefore contains more than the rock, whereas the effect of 
calcium hydroxide on the weathering of igneous rocks is almost imper- 
ceptible, and much more silica is leached, although in the resulting soil 
there is no decrease in the ratio of silica to other constituents. Polynov 
[2] is certainly right when he says that limestone increases the siallitic 
character of Mediterranean red soils. A further real difference between 
the red earths produced on limestone and igneous rocks is that the 
former contain calcium carbonate, give more alkaline soil solutions, and 
contain little or no humus. We would therefore restrict the name 
‘terra rossa’ to those red earths that occur widely distributed over lime- 
stone in the Mediterranean region; and we would give the name ‘red 
earth’ or ‘red loam’ to the soils formed over calcareous igneous rocks. 
The red-yellow soils from Cyprus which we examined are not only 
similar to the brown earths of southern Europe, as Stebutt [3] and 
Gessner [4] have shown, but also to the red loams of the tropics (laterites). 
Increase of sesquioxides, and no loss of silica, distinguish soil-formation 
in the Mediterranean region from that in cold-humid or hot-humid coun- 
tries; the ratio SiO,/R,O, occupies an intermediate position. 

The types of soils we observed in Cyprus may be classified as follows: 

Winter mainly humid and summer very arid: red serpentine soils; red 

and yellow soils from diabase, gabbro, and lava; terra rossa, from 
limestone. 

Winter mainly semi-arid and summer very arid: greyish-brown Medi- 


terranean steppe soils, on limestone, sandstone, marl, and lava; sand 
dunes; salt soils. 


Comparison of soil-formation in Cyprus with that in other climates.— 
Weathering processes are so complicated that a complete understanding 
of them is wellnigh impossible. If, however, we consider the final 
result, and not the processes themselves, we obtain a clear view of the 
differences between soil-formation in a Mediterranean climate and else- 
where. ‘To this end we shall compare briefly the weathered products of 
the chief rocks of Cyprus with the products of the same rocks in other 
climates. 
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TaBLe 4. Weathering of Limestone in Different Climates' 


I II III 
Temperate-humid Mediterranean Hot-humid (tropics) 
(Switzerland) (Cyprus) (Timor) 
Rock | Soil Rock Soil Rock | Soil 
SiO, 3°26 29°14 9°13 39°05 6:87 | 27°30 
Fe,O, 2°91 6°88 10°40 4°64 16°27 
CaO , ; 52°08 32°60 43°43 18°74 48°14 21°34 
MgO 0°50 2°54 4°39 rts | 
K,0 + Na,O 0°93 3°46 2°88 0°09 2°65 
P.O; tr. O13 tr. O14 0°07 O13 
Co, ; ‘ 42°65 | 25°48 36°28 11°81 37°78 14°68 
100° 36 99°60 100°51 99°52 96°75 
Humus_. 1°58 0°35 3°98 
Si0,/Al,0, 36:2 105 13°8 5°6 
Si0,/Fe,O; 109g | 162 3°6 10°2 3°9 4°4 
Si0,/R,O, : 8-3 6°3 28 3°6 2°0 


I. M. Gschwind and Paul Niggli, Unters. iiber die Gesteinsverwitterung in der Schweiz 
(Bern, 1931), p. 38. 
III. J. van Baren, Microscopical, Physical and Chemical Studies of Limestones and 
Limestone Soils from the East Indian Archipelago (Wageningen, 1928), p. 123. 


We note that the calcium carbonate from the impure limestones of 
Cyprus and ‘Timor (Dutch East Indies) is more readily washed away 
than that from the impure Swiss limestone. It is obvious that the 
marked increase of sesquioxides in II and III is not merely relative, due 
to the loss of calcium carbonate or silica, for it is the Cyprian rock that 
has produced the soil richest in silica. ‘The increase of sesquioxides in the 
Mediterranean soil is more than equalled by that in the soil of Timor, 
and, although this increase is intermediate between that of temperate 
and tropical climates, the same cannot be said of the leaching of silica, 
as many investigators have believed. ‘The soils on the Mediterranean 
limestones contain the most silica. ‘This is doubtless due to colloidal 
solutions of sesquioxides and silica rising during the dry summer months 
and then coagulating in the soil. The relative decline in the ratios 
SiO,/Al,O, and of Si0,/R,O, in the soils of Mediterranean countries 
is not due to greater loss of silica but to a real increase of alumina and 
iron. In all climates the chief factor in the weathering of limestone is 
the leaching of calcium carbonate, which masks the different behaviour 
of the alkalis. For the same reason it is exceptional to find in limestone 
soils the loss of iron due to unsaturated humus that is usually found in 
temperate climates (the limestone itself, of course, also hinders the 
formation of acid humus). In the tropics the limestone prevents the 
complete leaching of the silica or laterite formation, probably because 
the calcium hydroxide formed by hydrolysis coagulates the colloidal silica. 


' All the figures are calculated on a water-free basis. 
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Although limestone is a factor mitigating differences due to climate, 
yet the effects of different climates are seen clearly in Table 4. Every- 
where in the Mediterranean region, where there is sufficient rainfall to 
cause much hydrolysis of the sesquioxides and silicates in the limestone, 
these constituents increase in the soils. The iron, in the absence of 
humus, gives it the characteristic red colour. 
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TaBLe 5. Weathering of Serpentine in Different Climates‘ 


I II 
Temperate-humid Mediterranean Hot-humid (tropics) 
amphibolperidotite serpentine serpentine 
(Germany) (Cyprus) (Cuba) 

Rock Soil Rock Soil Rock Soil 
SiO, . . 45°44 51°53 48°31 49°19 48-42 3°92 
Al,Os 6:09 8-07 0°46 6°34 2°31 22°05 
Fe,O, 32°35 13°50 18-67 9°06 75°31 
MgO ‘ ‘ 24°36 21°48 40°43 19°87 39°28 0°39 
K,O 2°27 2°45 1°60 0°63 
P, O; tr. tr. 002 tr. 0°03 

99°47 99°48 100°97 99°92 102°46 
Si0,/Al,O, 12°7 10°6 179°0 35°6 073 
SiO,/Fe,O; 9°7 6-9 1°4 


I. M. Dittrich, Z. anorg. Chem. 1905, 57; taken from Gschwind and Niggli (Unters. 
liber die Gesteinsverw. in der Schweiz, Bern, 1931). 
II. See this Journal, 1933, 1, ¢ 


93- 
Ill. H. Bennett and R. V. ‘allison, The Soils of Cuba (Washington, 1928). 


Unfortunately we know of only one serpentine from a cold or temperate 
climate with which to compare the others. Although in the Cyprian 
profile there must have been a great loss of silica, yet the percentage 
in the soil remains the same, and it is only in the tropics that it nearly 
disappears. Aluminium and iron increase greatly in the soil of the 
Cyprian profile, as compared with the German, whilst in the tropical 
profile from serpentine the increase is 95 per cent. (Note the insigni- 
ficant amount of Al,O, in the Cyprian serpentine.) It is possible that 
the silica from the Cyprian serpentine does not accumulate, owing to 
absence of calcium hydroxide, which would have coagulated it; possibly 
magnesium silicates are hydrolysed only to colloidal magnesia and 
colloidal silica. Unlike the serpentine profiles of temperate and tropical 
climates, the Cyprian serpentine alone gives rise to an increase of 
calcium in the soil, and this of course is due to the solutions that ascend. 
The analyses show that the calcium is not combined with carbon dioxide. 
Leaching of the magnesium is small in the German profile, very marked 
in the Cyprian, and complete in that from the tropics. As with limestone, 


the ratio SiO,/R,O, falls from that of the temperate climate to that of the 
tropics, where it is nearly zero. 


1 All the figures are calculated on a basis excluding loss on ignition. 
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TaB_e 6. Weathering of Diabase and Gabbro in Different Climates* 


| I Il 1 
Cold-humid Mediterranean | Hot-humid (tropics) 
diabase gabbro-norite diabase 
Spitzbergen) (Cyprus) (French-Guinea) 
Rock | Soil Rock | Soil | Soil 
50°64 6737, 49°73. | «50°97 5206 | 1651 
Al a 1°38 0-62 es 1°56 4°25 
7 £0. 15°30 13°26 16°78 | 22-41 13°89 45°49 
14°40 8°74 619 | 10°53 9°82 31°51 
8-42 2°69 14°94 5°83 11°25 
2°56 1°82 8-20 7°37 0°34 
Ky 2°97 3°41 0°54 1°10 2°96 0°60 
P.O; 0°22 tr. 
100°04 99°74 99°33 99°04 99°41 99°52 
/Al,O, 5°6 8-6 39 6-3 
SiO,/Fe,O, 20°3 14°0 I°4 
SiO,/R,O; 3°7 6:0 40 44 | 


I. E. Blanck, A. Rieser, and H. Mortensen, Chemie der Erde, 1928, 3, 588. 
Ill. J. Chautard and P. Lemoine, Compt. rend. 1908, p. 239. 

The effect of climate on weathering is most clearly seen on the diabase- 
gabbro profiles (Table 6). In a cold-humid climate there is a relative 
increase of silica, due to loss of other components. In Cyprus we have 
a great loss of silica, although a slight relative increase appears in the 
soil. In the tropics the loss of silica is very marked. ‘The washing away 
of sesquioxides observed in the diabase profile from Spitzbergen is due 
to the action of acid humus. In Cyprus soils, on the other hand, we find 
a marked accumulation of sesquioxides, and in the tropics a still greater 
accumulation. ‘The Cyprian profile shows a smaller loss of alkaline 
earths, which is probably due to the solutions that rise during the summer 
months bringing back some of the leached earths. For the same reason 
the alkali metals also accumulate here. ‘The ratios SiO,/Al,O, and 
SiO,/R,O, are again highest in the cold-humid climate and lowest in 
the tropics. 


Our special thanks are due to Dr. S. Willimott, of Nicosia, who gave 
us much help and put his information at our disposal. 


1 All the results are calculated on a water- and humus-free basis. 
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AN EXPERIMENT ON THE FOOD-CONSUMPTION OF 
FATTENING SHEEP 
J. A.S. WATSON, D. SKILBECK, anp J. C. B. ELLIS 
(School of Rural Economy, University of Oxford) 


‘THE present authors have already suggested [1] that the feeding standards 
for fattening sheep, drawn up by Wood [2], show figures for ‘average dry- 
matter consumption’ that are substantially too high. The experiment 
here described was carried out in 1932-3 with the object of obtaining 
further evidence upon this point. Three lots of tegs, of different types, 
were fed successively on four different combinations of food and a record 
was kept of the food consumed. In each period at least two different 
feeding-stuffs were offered ad libitum. 

The sheep were: 

Pen I. Southdown—Welsh crosses. Average initial weight 69-4 lb. 

Pen II. Half-breds (Border Leicester—Cheviot crosses). Average 
initial weight 70°5 lb. 

Pen III. Commercial Hampshires. Average initial weight gt lb. 

The four combinations of foods were as follows: 

A. Clover hay and flaked maize, both ad lib.; the hay-racks and feed- 
boxes being replenished with fresh food morning and night and any un- 
consumed food weighed back just before the next feeding time. 

B. Clover hay and flaked maize as in A; in addition linseed cake ad lib. 
during the day and dried distillery grains ad lib. during the night. ‘The 
consumption of dried grains remained almost negligible during the six 
weeks when they were fed. Feeding with this material was therefore 
discontinued and in the second half of the experiment linseed cake was 
fed both morning and night. 

C. Clover hay, flaked maize, linseed cake, and dried grains as in B; in 
addition fingered swedes fed twice daily ad lib. 

D. Clover hay and swedes, fed twice daily ad lib.; in addition liberal 
but limited rations of flaked maize (evening) and linseed cake (morning). 

The experiment was divided into seven periods, all lots receiving the 
various combinations of food in the order A, B, C, D, C, B, A—the object 
being to enable corrections to be made for the changing size and con- 
dition of the sheep. It was originally intended that each period should 
last for three weeks, but it became obvious that some of the sheep would 
be over-fat before this programme could be carried out. ‘The last three 
periods were accordingly shortened and the procedure actually carried 
out was as follows: 


Period I. 23 days. Ration A. 
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The sheep were fed in an open-fronted shed with a northern exposure, 
on a gravel floor with a littering of peat moss. Water was before them at 
all times. The three lots all made steady progress throughout the experi- 
ment, as may be seen from the live-weights plotted in Fig. 1. ‘There was, 


Period | lV V VI Vil 
a Ha Ha Ha ad }Ha Ha Ha 
Maize Maire Maize Lib. Mafze Maize Matze 
ad lib. Linseed Linseed pinseed Linseed [Linseed Jad Lib. 
Grains Grains Maize [Swedes Jad Lib. 
ad Lib. Swedes ad Lib. Pa 
150 ad Lib. 
9-X:32 32 32 12 XII 32 22133 2) -IE-33 
T-IL-33 
140 
130 
120 
> 10 
100 
90 
we 
TO 


Fic. 1. Live-weight increases. 


however, considerable difference in the behaviour of the different pens, 
and the following general observations may be noted before the records 
of food-consumption are considered. 

Pen I (Southdown—Welsh) seemed listless during the first four or 
five weeks of the experiment. They showed at first little interest in food 
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and consumed surprisingly small amounts. ‘Their consumption rose 
steadily during the first six weeks of the experiment and thereafter 
fluctuated without showing any definite trend. It was also noticeable 
that these sheep drank little. One animal died, probably from poisoning, 
a few days before the experimental feeding began and was not replaced. 
During the experiment one sheep suffered from urinary trouble (gravel) 
but quickly recovered after treatment. Apart from one or two cases of 
lameness, which responded to treatment, there were no other ailments. 

During the whole period of the experiment (135 days) the average 
live-weight increase was 34:5 lb., equivalent to 1-79 lb. per week and 
representing practically 50 per cent. of the initial weight. The dressing 
percentage was 54, calculated on the unfasted live-weight. The carcasses 
were described as of excellent quality but definitely too fat for ordinary 
trade purposes. 

Pen II (Half-breds) contained one restless individual, but all the others 
appeared to settle well and to feed normally. In Period IV and again in 
Period VI several sheep showed signs of constipation, but completely 
recovered in two or three days after mild treatment. Apart from an 
occasional case of slight lameness there were no other ailments. 

During the whole period the average live-weight increase was 50-4 lb., 
being at the average rate of 2-61 lb. per week and representing 71 per 
cent. of the initial weight. ‘The sheep when killed were in prime con- 
dition but not over-fat. ‘They carried very heavy fleeces and partly 
on this account, and partly because of their relatively lean condition, 
dressed out at only 50°5 per cent. of the unfasted live-weight. 

Pen III (Hampshires) provided the most satisfactory experimental 
material. ‘They settled down at once, showed keen appetites throughout, 
displayed the keenest interest in each new feeding-stuff offered (except 
dried grains), and suffered no ailments except two slight cases of lame- 
ness. 

The average total live-weight increase was 62-6 lb., equivalent to 69 
per cent. of the initial weight and representing an av erage of 3:24 lb. per 
week. ‘The dressing percentage, calculated on the unfasted live-weight, 
was 535, The carcasses were excessively fat—considerably fatter than 
those of Pen I—and, of course, too heavy for ordinary trade purposes. 


Daily Consumption of Dry Matter 


The total consumption of dry matter per head per day is plotted for 
each of the three lots of sheep in Fig. 2. ‘The individual points represent 
averages of four, five, or six days, as happened to be most convenient. 
‘These periods are scarcely long enough to eliminate the effects of day-to- 
day fluctuations in appetite, so that the curves obtained are somewhat 
irregular. ‘The figure is divided by vertical lines into the seven periods 
indicated above. 

It will be observed that there was a steady upward trend during the 
first two periods in the consumption by Pen I, viz. from 1-15 Ib. of dry 
matter at the commencement of Period I to about 2 Ib. at the end of 
Period II. The low initial consumption appears to have been abnormal. 


Pare 

| 

ds 
= 


168 J. A. S. WATSON, D. SKILBECK, AND J. C. B. ELLIS 


Otherwise there was no upward trend in the appetites of the sheep as 
they increased in weight, despite the fact that some of the live-weight 
increase represented growth. It would therefore seem to be pointless, for 
the purpose of the interpretation of the figures, to compare the actual 
dry-matter consumption in each period with an expectation based upon 


Daily Consumption of Dry Matter 
P 


20 40 60 80 100 120 140 
Period | |} { | v | vi vn 
Clover Hay |Clover Hay|Clover Hay|Clover Hay [Clover Hay}Cl. Hay 
Maize Maize | |Maize [Swedes Maize |Maize ||Maize 
ad Lib. Linseed CakefLinseed Cake} ad Lid. Linseed CakelLinseed|] ad Lib. 
4 Dried Grs—4Dried Grs.—tMaize Swedes Cake 
ad lib Swedes Linseed Cake Jad Lib. 2 ad Lib. 
ad lib. Limited 
an 


POUNDS 
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the two-thirds power of the weight of the sheep at that period. It seems 
much better to assume that (apart from Pen I in the first two periods) 
the food-consumption was unaffected by the increase in weight of the 
sheep and to base the expectation as regards dry-matter consumption on 
the half-fat weight (i.e. the mean of the store and fat weights) and to 
apply this to all the periods. 

In Table 1 are set out: (1) the mean half-fat weight of each lot; (2) the 
average dry-matter consumption for this size of sheep as given by Wood’s 
curve; and (3) the actual average dry-matter consumption of each lot 
throughout the experiment. The figures for Pen I during the first and 
second periods have been omitted in arriving at the average for that lot. 
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TABLE I 
* Average daily dry-matter Actual mean 
consumption’ for the weight daily dry-matter 

Pen Half-fat weight in Lot I (Wood) consumption* 
I 86-6 3°09 2°07 
II 95°7 3°33 2°60 
III 122°3 3°94 3°23 


* The arithmetical average (unweighted) of the average consumptions in all the 
seven periods. 


It will be seen that the appetites of all the lots were considerably below 
the expectations based on Wood’s curve. The actual figures represent 
respectively 67 per cent., 78 per cent., and 82 per cent. of the expecta- 
tions; they give figures of 2-3 lb., 2-7 Ib., and 2-8 lb. dry matter per 100 Ib. 
live-weight per day, as against Wood’s standard of 3:43 lb. 

On the question of the variation in food-consumption in relation to the 
type of food offered, it is apparent that the curves for Pens II and III 
(see Fig. 2) show a fair measure of agreement. Dry-matter consumption 
rose from Period I to Period II when linseed cake was added to a diet of 
hay and maize; the further addition of roots in Period III produced no 
further increase but rather a fall.'. In Period IV, when the concentrate 
was limited to 14 lb. per head per day (half maize and half linseed cake) 
the dry-matter consumption fell away by about a third of a pound in both 
cases. Both lots had been eating over 2 lb. of concentrate at the end of 
Period IIT and the loss of something over two-thirds of a pound of 
concentrate was made good to the extent of about one-half by increased 
consumption of roots and hay. In both cases, when the full feeding of 
concentrates was resumed in Period V, the dry-matter consumption 
went up to about the same level as in Period III, and it was maintained 
at about the same level in Period VI, when swedes were withdrawn. In 
the last Period (VII) consumption fell to a figure of the same order as in 
Period I. 

The figures, in actual weights and also as percentages of Wood's 
figures for average consumption of dry matter, are given in ‘Table 2. 
Pen I either did not show corresponding reactions to the changes in diet 
or else such changes were obscured by other causes which could not be 
traced. It was only in Periods IV and VII that the food-consumption of 
this pen reached a level (in proportion to their size) corresponding 
roughly to that of the other two lots. 

If we average the various determinations for Pens II and III on each of 
the four diets we get the following mean dry-matter consumptions, 
calculated as percentages of Wood’s standard: 


Ration A. Mean 
(Clover hay and flaked maize) 
Periods I and VII 72%; 74%; 68%; 76% = 72°5% 


' The consumption of roots in both pens was surprisingly small, averaging in 
Period III less than 1 Ib. for Pen II and about 5 lb. for Pen III. 
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Ration B. Mean 
(Clover hay, flaked maize, and linseed cake)! 
Periods II and VI : - 87%; 85%; 81%; 89% = 85°5% 
Ration C. 
(Clover hay, flaked maize, linseed cake, and swedes ad lib.) 
Periods III and V ; - 79%; 85%; 80%; 89% = 83:25% 
Ration D. 


(Clover hay and swedes ad lib., 3 lb. flaked maize and 3 lb. 
linseed cake) 


Period IV . ; 68%; 97% = % 
TABLE 2 
Period I II III IV V VI VII 
Cl. hay, 


Cl. hay, — swedes 
Cl. hay, maize, ad lib. Cl. hay, 


maize, lin.cake, lb. maize, Cl. hay, 
Cl. hay, lin.cake, grains, maize, lin.cake, maize,  Cl.hay, 
maize grains swedes = lb. swedes lin. cake maize 


Ration ad lib. ad lib. ad lib. lin. cake ad lib. ad lib. ad lib. 


Mean Daily Consumption of Dry Matter 


Pen Il 2°41 2:90 2°65 2:29 2°68 2°71 2°59 

» 2°91 3°34 3°33 3°02 3°50 3°50 2°99 
Consumption of Dry Matter a; percentage of Wood’s Standard 

Pen II 72 87 79 68 80 81 68 

» St 74 85 85 77 89 89 76 


No very great precision is claimed for these results, but it is quite clear 
that the sheep in this experiment could not be induced, on the fairly wide 
selection of foods offered, to consume the quantities of dry matter 
indicated for their respective weights by Wood’s curve. The highest 
values, obtained with a wide selection of dry foods, were of the order of 
85-g0 per cent. of the expectations based on Wood’s standards. With 
the standard American type of ration (maize and clover hay) and a 
common type of British ration (roots and hay ad /ib. with limited con- 
centrates), the consumption fell to below three-quarters (72-5 per cent.) of 
the expectation based on Wood’s standard. 

It is probably true that the determinations arrived at in this experi- 
ment should be corrected in an upward sense, owing to the fact that a 
majority of the sheep were carried Beyond ordinary ‘prime’ condition. 
Had they been sold at the ‘prime’ stage the fat weights might have been 
upon an average about 10 |b. per head less than the actual fat weights. 


« Including the very small amount of grains in Periods II and III. 
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‘his would imply a correction of 5 Ib. per head in the calculated ‘half-fat’ 
weights and a small increase in the dry-matter consumption calculated 
to the hundred pounds of half-fat weight. With this correction, which is 
admittedly a matter of guess work, the following would be the mean dry- 
matter consumption (calculated to 100 Ib. live-weight) of Lots II and I 
on the four types of ration: 


Ration 
Corrected half-fat weight A B C D 
Pen : 2°67 2°97 2°84 2°44 
» 2°66 3°07 3°06 2°72 


In a previous paper [1] the present authors arrived (from the statistical 
analysis of a large number of feeding trials) at the conclusion that ‘With 
the ordinary type of British winter ration the dry-matter consumption of 
sheep is unlikely to exceed 2-6 to 2-7 lb. per 100 lb. live-weight, and, to 
secure this, from one-third to one-half of the dry matter should be fed as 
air-dry food. ... Well-balanced rations consisting mainly or entirely of 
palatable dry foods may result in a rather higher consumption of dry 
matter, of 3 lb. or over per diem.’ The results of the trial now reported 
seem broadly to confirm this view. 

The authors have also suggested that under certain conditions the 
dry-matter consumption may fall considerably below the normal level 
indicated above. Among the causes of depression of the appetite they 
have noted protein-deficient rations and an excessive proportion of roots 
in the diet. Neither of these explanations can account for the excep- 
tionally low appetites of the sheep in Pen I, and no explanation is now 
offered. It is, however, clear that recorded experiments must not be 
assumed to be inaccurate (as was in fact assumed by Wood) merely be- 
cause the food-consumption fell far short of expectation. 

The average daily consumption of the various foods by periods is 
shown in Table 3. 


"TABLE 3 


Mean Daily Food Consumption 


Total 
Initial End Clover Flaked Dried Linseed dry 
Period weight weight hay maize grains cake Swedes matter 
PEN I (11 sheep) 

I 69°4 74°6 ty 1°38 
II 79°4 0-74 0-98 0:08 0°23 1°79 
Ill 79°4 85°7 0-98 0:06 0°46 1°54 2:08 
IV 85°7 0°63 0°53* 0°53* 5°41 2:07 
V g2°2 0°55 0-78 3°69 2°19 
VI 96°6 100°8 0°66 181 


* Limited to 0°54 lb. 
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TABLE 3 (continued) | 


Mean Daily Food Consumption 


Total 
Initial End Clover Flaked Dried Linseed dry 
Period weight weight hay maize grains cake Swedes matter 
PEN II (22 sheep) 

I | 79°3 1-09 2°92 2°42 
II 79°3 1°82 o-12 0°48 2°90 
Ill 99°4 o-7I 1°52 0°04 0°66 2°66 
IV 99°4 103°7 0-64* 0-62* 4°50 2°29 
103°7 110°7 o-7I 0°73 3°90 2°68 
VI 110°7 115°7 0°85 1°52 0°73 275 

Vil 115°7 120°9 1:20 1°81 2°59 
PEN III (12 sheep) 

I 100°3 1°58 1°80 2°91 
II 100°3 111-9 0°02 3°34 
120°7 0°76 1°39 0-00 1-03 4°95 3°33 
IV 120°7 130°4 0-67* 0°67* | 10°47 3°02 
130°4 0°65 1°34 I-14 6-71 3°49 
VI 149°6 0°87 1°64 1°49 3°50 

Vil 149°6 153°6 1°36 2°13 2°99 


* Limited to 0-67 lb. 


Summary and Conclusions 


1. The experiment here reported confirms the view that the curve of 


‘average dry-matter consumption’ for the fattening sheep, originally 
published by Wood and now generally used in this country, gives values 
that are substantially too high. It is suggested that true curves for normal 
dry-matter consumption should be based on a figure of 3 lb. per 100 Ib. 
live-weight per day when the ration consists mainly of air-dried foods of 
high palatability, fed in reasonable variety and ad lib.; and that the 
normal consumption on the typical British ration is about 2-6 lb. per 
100 lb. live-weight per day. These figures represent approximately 
seven-eighths and three-quarters respectively of those derived from 
Wood’s curve. 

2. Under circumstances which are only partly understood, the con- 
sumption may fall considerably below the ‘normals’ indicated above. 

3. The appetite in the case of two of the three lots used in this 
experiment did not increase to any considerable extent during the feeding 
period, in which the live-weight increased by approximately 70 per cent. 


REFERENCES 
1. J. A. S. Watson, D. SKILBEcK, and J. C. B. ELttis, Some Aspects of Sheep 
Nutrition, Agricultural Progress, 1933, 10, 124. 
2. T. B. Woop, The Production Requirement of Fattening Sheep, J. Ministry 
Agriculture, 1927, 34, 299. 


(Received May 16, 1933) 


T 
it 
chi 
ow 
wh 
me 
| sh 
po 
inf 
ch 
| 
we 
ph 
di 
| 
ra 
ra 
tre 
m 
Ve 
fle 
ar 
de 
th 
g 
sis 
| si 
te 


A GENERAL REVIEW OF 
THE INHERITANCE OF WOOL-CHARACTERS IN SHEEP 


WILLIAM C. MILLER 
(Institute of Animal Genetics, Edinburgh) 


Introduction 


Ir is very desirable in considering the inheritance of the physical 
characteristics of wool to realize very clearly that wool-fibres as produced 
owe their characters partly to the basic genetic constitution of the animal, 
whilst they are partly a more or less accurate reflection of the environ- 
mental influences to which the sheep have been subjected from birth to 
shearing, or between successive shearings. For the full expression of the 
potentialities of the hereditary constitution of the sheep, environmental 
influences must obviously operate. Different environments can, within 
limits, modify the expression of the genetic constitution of sheep for 
wool- -production, but genetic constitution, being fixed, cannot be 
changed by environmental agencies. The Merino sheep, kept in the 
damp temperate conditions of a British sheep farm, grows wool which 
still has certain Merino characteristics, but it 1s widely different from the 
wool which the same sheep grows, for example, in Australia or in the 
phosphorus-deficient areas of South Africa. ‘The sheep upon a deficient 
diet—irrespective of what the deficiency is—grows a finer, shorter, less 
elastic fibre and a less dense fleece than does the same sheep when its 
ration is adequate. ‘The successive effects of severe drought and heavy 
rains, acting through the herbage, are well known in tropical and sub- 
tropical sheep-rearing countries. The influences of disease can be deter- 
mined on the wool-fibre, just as they can upon any other keratinized 
cutaneous structure—horn, hoof, or finger-nail. 

Desiderata for genetic experiments.—A lively appreciation of the wide 
variations which are encountered between breed and breed, between 
flocks within a breed, between individuals, and actually between fibre 
and fibre, is therefore highly necessary in any genetic approach made to 
determine the inheritance of wool-characters. 

The desiderata for a genetic experiment in which details of fleece- and 
wool-characterization are involved, may be defined in the following terms: 

The sheep should be typical examples of their breed or cross, and 
each sex of the parental generation should be uniformly homozygous for 
the particular characters involved. 

2. The females of the P, generation should be of the same age—pre- 
ferably not primiparous, and the age of the male should not vary by 
more than +1 year from the age of the females. 

3. Examination and analysis of fleece-characters in the parental 
generation should be carried out on 12 months’ growth of wool, or if this 
is not possible, samples should be taken at the same time from all the 
sheep so that comparable results may be obtained and variations reduced 
toa minimum. Upon no account should samples be taken from the first 
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year’s growth of wool in F, and subsequent generations unless similar 
samples are available from the parental generations (vide infra). 

4. Not less than 20 females should be used for each mating, and not 
less than 25 individuals of F, and subsequent generations should be 
retained for observation and examination. 

5. For some time prior to and during experiment the sheep of each 
generation should be kept under the same conditions of management. 

6. A uniform method of sampling should be adopted in all generations 
and duplicate or quadruplicate samples from each body area are desirable. 
The same technique should be applied in the examination of the samples. 

7. Parental and all subsequent generations should be kept in the same 
locality so that variations due to climatic influence may be reduced to a 
minimum (v.7.). 

‘That some criteria should be defined will become clear later, when it 
will be shown that various workers have been unable to interpret their 
results at all satisfactorily, chiefly because of the extreme variation in the 
parental types used. In some experiments for degree of characterization 
the extremes of male and female parental generations overlapped, and it 
obviously becomes difficult in such cases to obtain significant figures in 
F, or subsequent generations. It is to be feared that many of the results 
which are given later are useless from the point of view of determining 
the genetic factors involved in the inheritance of fleece-characters. 

Since wool can be influenced in length, fineness, density, &c., by 
environmental agencies, standardized conditions are highly necessary for 
the experimental flocks. ‘The duration in time of wool-growth influences 
the ultimate length of fibre in the sample. Since the first year’s fleece 
may represent from 14 to 16 months’ actual growth of wool (according 
to the relationship between the dates of parturition and shearing), and 
since most lambs are born with a deciduous birth-coat, which is replaced 
either partially or completely by the adult coat, and since this transition 
is effected earlier in some individuals and breeds than in others, it is 
highly necessary to make physical examinations upon a fleece which 
represents growth between successive shearing-dates separated by 12 
months. It is very probable that many of the conflicting results recorded 
are due to a neglect of these considerations—the first fleece (gimmer 
fleece) of the offspring being compared with adult fleeces from the 
parents. In this way, since first fleeces are usually finer and longer than 
adult fleeces, figures that are not strictly comparable have been recorded, 
and there appears to be little general agreement between reported results. 

The age of the parental generations is especially important in studies 
of the inheritance of number of fibres per unit area of the skin (i.e. 
density), and in the inheritance of defects in wool such as kemp, medul- 
lated fibres, and pigmented fibres. It is common knowledge that fleeces 
from young ewes are denser than fleeces from the same sheep grown in 
later life. According to May (1868), wool-fibres are coarsest during the 
third year of life, whilst others, Kleine and Stricker (1924), and Spottel 
(1929), show that in some breeds the second year’s growth is the coarsest. 
The change probably takes place at different times in different breeds 
and in different individuals, observations showing that when the sheep 
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attains full physical maturity and reaches the prime of life, it can be 
expected to grow its coarsest wool. Old breeding ewes of some breeds 
have a notoriously thin covering of fine wool on their bellies, withers, 
and along the backs—more particularly in the long-wool or lustre-wool 
breeds. 

In many genetic experiments it is possible to calculate the number of 
individuals which should be raised by an examination of the uncontroll- 
able variability in the parents, but in genetic work with wool-characters 
it is not always possible or convenient to make character determinations 
on the parental generation before the actual matings are arranged. A 
unde of the average or expected lambing percentage in a given 
flock, or with a given breed, enables an estimate to be made with a fair 
degree of accuracy of the number of F, lambs which may be expected 
from a given number of parents. ‘The statement that not less than 20 
ewes should be used for each genetic experiment, where wool-characters 
are involved, is based upon our experience in this Institute during past 
years. With all the improved British low-ground breeds a minimum 
lambing ratio of at least 125 per 100 ewes can be confidently expected, 
and given freedom from disease and suitable feeding and management 
this proportion of lambs should be reared. In the majority of cases, ewes 
of the British mountain breeds kept upon the low ground and subjected 
to conditions which induce a rising metabolism before and during 
mating, will give a yield of lambs which approximates to the same figure, 
but mountain ewes in their natural habitat cannot be expected to rear 
more than 100 lambs per 100 ewes, and in very many cases they will fall 
far short of this figure. 

Standardized environmental conditions have been shown by many 
workers to be essential in any experiment where wool-characters are 
involved, and this is of such common knowledge that it requires no 
further emphasis. Spottel (1929), Knoblich (1926), Scholz (1927), and 
others have discussed the importance of environmental conditions at 
considerable length and may be consulted. 

It will be desirable to review in brief such published results as have 
a bearing on the inheritance of those wool-characters which have been 
studied. It will be noted that there are in some instances opposite or 
different results reported by different workers who deal with the same 
quality or characteristic. Apart from experimental error, this may be 
taken to indicate divergent modes of inheritance in different breeds or 
crosses. ‘There is no reason, for example, why length of wool-fibre 
should not behave as an incomplete dominant in one particular cross- 
breeding experiment, whilst in another, where different breeds are used, 
it may exhibit the characteristics of blended inheritance. 


Inheritance of Wool Fineness 
In a general way it has long been known that by crossing fine-woolled 
with coarse-woolled sheep, the F, will exhibit one of two wool-types: 
(1) it will carry markedly mixed wool in which fibres characteristic of 
each parent may be found in varying proportions; or (2) the wool will be 
of a fineness intermediate between parental types. Where the cross is 
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made between a fine-woolled breed and one with a mixed hairy type of 
fleece, e.g. in the Merino = Scottish Blackface reported by the British 
Research Association for the Woollen and Worsted Industries (1922, et 
seq.), the F, shows a mixed type of fleece. Where the two parental breeds 
are each possessed of fleeces without great variability in fineness, the 
progeny shows intermediate characteristics. 

Bailey (1914) reported intermediate inheritance in fineness in the 
Merino 3 » Shropshire ¢2 crosses, and Pazzini (1915) reported similar 
results in the crosses of ‘Tiber valley sheep by Rambouillet rams. F. R. 
Marshall (1916), Baur and Kronacher (1919), studying Mele (Leicester 
3 * Merino ¢2) flocks and crosses between Merino 3 « Mele 29, and 
Cotswold 3 « Merino 7°, conclude that fineness is determined by poly- 
meric genes. ‘The parental breeds used showed considerable genetic 
variability and in consequence there was variability in the first and second 
filial generations. In the opinion of the authors, the alternating mode of 
inheritance is involved and the maintenance of type is determined by 
the trend of selection. It is further pointed out that certain characters, 
in particular fineness of wool and type of staple, are based on a single 
factor or are closely linked. Adametz (1918, 1920), in Karakul » Ram- 
bouillet crosses, found that most of the F, possessed the mixed fleece 
approaching the Karakul, and he concludes that probably not more than 
two factors are involved. Spottel and Tanzer (1922) point out that 
Adametz did not pay sufficient attention to the variability of the parental 
breeds. Kronacher (1924) analysed wool from a Mele flock of 75 head. 
Merino wool is class AA; Leicester wool is class C, D, E; 40 per cent. 
of the Meles fell into class A, 29 per cent. into class B, and 31 per cent. 
into class C. He found no constant intermediate type, as had been postu- 
lated by ‘Thilo (1922); rather is there definite segregation, and a poly- 
meric basis appears probable. ‘Terho (1923) obtained the following 
figures in analysing shoulder samples from parental breeds, Meles, &c. 


Mean fineness Standard 
Number in deviation 
Leicester : 6 40°'0 
F, (Mele). 24 310 Per 
F, Merino 79 26°4 2°49 


The table shows that both F, and F, animals are intermediate, whilst 
each back-cross shows a shift towards the characters of the original 
parental finer-woolled type (Merino). By the application of Castle and 
Wright’s formula 'Terho finds that five or six pairs of genes are involved. 

Tanzer and Spottel (1922) observed intermediate-fineness characters 
in F, generations between crosses of Zackel sheep with Rambouillet and 
Electoral Merinos. Hill (1923-4) records an intermediate F, in Hamp- 
shire $ » Rambouillet ¢2, Davenport and Ritzman (1926) on the other 
hand found in this same cross that the F, had wool nearly as coarse as 
the Hampshire parent, indicating almost complete dominance. Burn’s 
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(1925) and Scholz’s (1927) results agree with those of Hill. Spottel in 
his book (1925) notes in crosses between Mouflon and various Merinos 
(Electoral, Escurial, Negretti, and Rambouillet) that about 50 per cent. 
of the F, animals showed fineness of fleece intermediate between the 
parents’, whilst the others approximated to either one or other of the 
parental types. In the F, the distribution was similar but the range of 
variability was greater. Among the seven F, animals raised, all but one 
were of the Merino type. The Somali, which resembles the Mouflon in 
wool-characters, gave similar results when crossed to Merinos. Spottel, 
on his results, assumes the action of seven polymeric genes for fineness 
and five factors for regulating the proportion of fibres of intermediate 
character in the Mouflon crosses, and seven pairs of factors with seven 
pairs of modifiers or regulators for the Somali. Davenport and Ritzman 
(1926) found an intermediate character with a tendency to approach to 
the type of wool shown by the finer-woolled parent in F,’s from South- 
down 3 < Rambouillet 2 and from Oxford 3 =x Rambouillet ¢2. 
Kronacher and Schiaper (1926) found, in another study of Meles, that 
definite segregation was obtained: some animals showed the fine Merino 
type of wool, some the coarser Leicester characters, and some were 
intermediate. These results were confirmed by Schulte (1927), who also 
obtained segregation. 

Davy (1927), on making reciprocal crosses between Merino and 
Persian fat-tail sheep, found that the wool of the F, was coarser than 
that of either parent. 

Ulmansky (1926), working with the Zigaya sheep found that all off- 
spring showed wool intermediate between that of the parents. 

Ivanov and Belehov (1928), in a paper which is one of a series dealing 
with various crosses with the Russian Chuntuk breed, state that, when 
crossed by Lincoln rams, the F, individuals show a fleece which, in 
respect of length, lustre, staple, formation, colour, and density, is similar 
to the Lincoln. Microscopic examinations, however, showed that the 
fleece was composed of two types of fibres in equal proportions: viz. 
fine wool-fibres, similar to Chuntuk wool, and transition fibres like those 
of the Lincoln. The differences between the two types were, however, 
not great. No segregation occurred in the F, (Ivanov, Belehov, and 
Greben, 1931), measurements of diameters of fine wool-fibres from F, 
animals being 24:27 » and from Fy, 24:25 » (Chuntuk parent = 24°46 1), 
whilst transition fibres in F, were 47-66 p, in F,, 43, 41 » (Lincoln parent 
= 47°6). Greater uniformity is stated to have been obtained in the F,, 
than in the F,. 

In crosses between Shropshire 3 and Chuntuk °?, Belehov and Reinbot 
(1928) found that animals exhibited a variable but intermediate type of 
fineness; also that in Hampshires 3 « Chuntuk 9° the half-bred animals 
showed predominantly the Hampshire type, but the range of variation 
was considerable. Belehov (1928) describes crosses between Merino 
3 <x Chuntuk 9°. The mixed type of fleece was shown by the F, animals, 
but the coarse hairs of Chuntuk were replaced by finer fibres of the 
transitional type. Otherwise, the wool was generally similar to Chuntuk. 


In the reciprocal cross, the same author describes the F, wool as being 
3988-2 N 
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of the Merino type, but with the addition of a considerable number 
(about 25 per cent.) of transitional fibres coarser than in the former F, 
generation. In the mating of Chuntuk 3 » Merino 92 the difference 
between coarse and fine fibres in the fleece is greater than when the cross 
is made the other way. 

In a paper on Lincoln 3 * Hissar 22 crosses Ivanov, Belehov, Dobro- 
gorsky, and Zhitnikov (1932) give the following table of degrees of 
fineness observed: 


Measurements in be PF, Hissar Lincoln 
Fine wool-fibres : 23°4 23°05 
Transition fibres 37°43 35°89 47°12 


The authors state that the uniformity of the fleece is unsatisfactory, 
and more so in coloured animals than in white-fleeced ones. 

Belehov (1932) discusses a Mouflon » Chuntuk cross in which seven 
F, animals were raised. The following figures for fineness were obtained : 


Measurements in F, Mouflon Chuntuk 
Fine wool-fibres 16°8 25°0 
Dead hair : 122°45 169°8 


Zhitnikov (1932), reporting the results of crosses between Chushka 
3 x Karakul ewes, states that the fleece in the F, generation possesses all 
# the different types of fibre found in the parental breeds, but that the 
number of transition fibres is greater, the amount of kemp is smaller, 
whilst the proportions of fine wool-fibre are intermediate. 
He gives the following figures: 


Measurements in F, Karakul Chushka 

Fine wool-fibres 21'8 26°5 36°72 
Transition fibres 44'8 49°7 52°59 
Kemp fibres. 60°59 62°7 63°03 


Nichols, in a paper not yet published on wool-characters in the Border 
Leicester $ » Cheviot °° (i.e. the Scottish half-bred sheep), discusses 
the data of mean fibre-length, mean weight-length ratio, and mean fibre- 
volume of samples from the parental, F,, and F, generations. He shows 
that for length there is a tendency to a bimodal type of distribution of the 
figures for mean lengths in the long-wooled breed (Border Leicester) 
with a more or less normal dispersion of frequencies in the Cheviot. In 
the succeeding generations all parental types are found, but in the F, 
a proportion of animals is encountered with a bimodal distribution similar 
to the parental long-wool type. His conclusions support the findings of 
Davenport and Ritzman, that wool-length and fineness are dependent in 
inheritance upon multiple factors, rather than upon any simple Men- 
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delian type of inheritance. His results also tend to show that follicular 
activity is dominantly inherited in direct ratio to the length of wool pro- 
duced; this may be expressed by the statement that long wool is in- 
completely dominant to short wool, the length depending upon a 
multiple factor system. 

In a series of observations carried out in this Institute, in crosses 
between ewes of the Scottish Mountain Blackface breed, with rams of 
Derbyshire, Gritstone, Cheviot, Border Leicester, Lincoln, Southdown, 
South African Merino, and Welsh Mountain rams, we have found that 
the F, animals of both sexes, from the mating of fine-wooled breeds 
(Merino and Southdown) to the Blackface, show very mixed wool in 
which there is little uniformity in length or fineness, but in which the 
character of fineness is generally intermediate between the parental types. 
Great differences were shown between different F, animals although the 
parental ewes were themselves fairly uniform and of the same wool-type.! 
In back-crosses to Merino 3 the progeny showed a fleece of fine wool 
generally approximating the Merino, but with a few coarse hairy fibres 
scattered through it, whilst in the opposite back-cross the wool was 
similar to Blackface wool with a greater admixture of fine wool-fibres 
and a much greater density. 

In crosses by breeds carrying wool of intermediate fineness (Cheviot, 
Derbyshire, Gritstone, and Welsh Mountain) the half-bred progeny 
showed greater uniformity of wool-type amongst themselves but carried 
fleeces of mixed fibres. Kemp, which is a common constituent of the 
Blackface fleece (average about 8 per cent. by weight), was reduced to 
negligible proportions, and the fine-wool content of the fleece was 
greatly increased. Back-crosses yielded animals in which the wool was 
almost indistinguishable in fineness from that of the pure breed used. 

In crosses from Lincoln and Border Leicester rams, strictly uniform 
classes of F, animals were raised. The wool was coarser than in the other 
crosses and was still mixed in type. We concluded from the series that 
inheritance of fineness depended upon a multiple factor system and was 
of the intermediate variety. Where there is great divergency in fineness 
between parental types, little uniformity could be expected, but the use 
of rams of the long, lustre-wool type gave a very uniform generation. 
(Full results of this work will be published later.) 


Inheritance of Length of Wool-Fibre 


Mean length of wool-fibre in all breeds except those with a very even 
staple is difficult to determine. In breeds where the fleece has a typically 
pointed staple, which includes all the long-wool, lustre-wool, mixed- 
wool, and many of the intermediate types, the staple is composed of fibres 
of varying lengths, the tip being formed by the longest fibres. In such a 
staple, when the fibres of which it is composed are measured, it is found 
that typically they show a fairly normal frequency-dispersion curve, with 

' There are three distinct types of Blackface wool—the soft, open, finer wool of the 
west of Scotland generally; the hard, dense, coarse wool from south-central and east- 


central Scotland, and the intermediate type from north-central areas. Between these 
there are all gradations. 
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considerable variation between different staples. When the staple is con- 
siderably thicker at its base than at its tip, as in breeds which have mixed 
wool, the frequency-dispersion curve is likely to be bimodal with a ten- 
dency towards great irregularity, especially marked when measurements 
are made during the course of active wool-growth. In the Down breeds 
and in wool of the Merino types, where the staple is ‘blocky’ at the tip, 
mean fibre-length can be more accurately determined, but care must be 
exercised in obtaining representative samples. 

In very general terms, wool-length in crosses is intermediate between 
the parents’. Some authors have reported greater length to be mainly 
dominant to shorter length, but, since other workers using the same 
breeds have failed to find any evidence of dominance, it would appear 
that in the former cases there may have been a failure to appreciate the 
differences in length between first year’s fleece and subsequent fleeces. 
Reference has already been made to this point. 

Among the results recorded where the inheritance of wool-length was 
studied in breeding experiments, the following are cited as typical 
examples. Thilo (1912) found in Leicester ¢ » Merino 9? that the 
length of wool in the F, generation was intermediate between the 
parents’. Measurements recorded were: Leicester, 18 cm.; Merino, 
6 cm.; F,, 12 cm. Baur and Kronacher (1919) confirmed these findings. 
Macalik (1924) reports intermediate length in crosses, whilst F. R. Marshall 
(1916), during an examination of hundreds of Corriedales, found that 
none had wool as short as the longest Merino, and although the length 
of wool in the Lincoln was approached by some Corriedales, it was never 
attained. In subsequent generations wool-length remains intermediate, 
and the typical Corriedale breed has wool of intermediate length; at the 
same time it should be remembered that the modern Corriedale has been 
continuously selected for just this intermediate length, and it is difficult 
to get information of the number of culls which were made in early 
generations because of irregular length of wool. Ewart (1919) found the 
F, animals of Southdown 3 » Blackface 22 crosses had wool of inter- 
mediate length; measurements given being as follows: Southdown, 10-2 
to 14 cm.; Blackface, 32-6 cm.; F,, 15:3 to 21-6 cm. Davenport and 
Ritzman (1926) find that in the Southdown 3 « Rambouillet 2° cross 
the F, animals have a greater wool-length than either of the parental 
breeds; they find this to be even more pronounced in the Hampshire 
3 < Rambouillet 99, whilst in the Oxtord 3 * Rambouillet 99, the 

rogeny has a wool-length approaching the length found in the Oxford. 

hey suggest that in the latter cross the greater length of wool in the 
Oxford is dominant to the shorter length in the Rambouillet. Scholz 
(1927) found that in the Mutton-Merino < Wiirttemburg cross the 
wool-length in the F, was intermediate, but had a tendency to approach 
the length of the Wiirttemburg. Horlacher and Good (1922) found that 
in the cross between Kentucky Mountain 9° and Hampshire $ the wool- 
length was almost as great as in the Kentucky ewe, whereas when the 
Southdown or Rambouillet ram was used the length in the F, animals 
was intermediate. This suggests that the greater length of wool in the 
Kentucky Mountain sheep is dominant to the length in the Hampshire 
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but not to that of the Southdown or Rambouillet. Elpatjevsky (1929) 
reports upon crosses between the Merino and various coarse-wooled 
breeds. Of these he states that the order of suitability for crossing with 
Merinos is as follows: “The thin-tailed, long-tailed sheep, Kurduk (fat- 
tailed) sheep, and Voloshian.’ He reported that in the F, animals the 
length of fine wool-fibres is greater than in the parental animals-—an 
observation which suggests that first year’s fleeces only were considered 
(v.s.). He states that the factor for 100 per cent. fine wool-fibres is 
epistatic to the factor for hairiness (‘beard hairs’). 

Numerous other observers have described crosses between recognized 
breeds or types of sheep and have found that the majority of the F, 
animals grow a length of wool-fibre which is intermediate between the 
parental types, although with certain crosses, especially those where the 
parents are widely divergent in wool-characterization, the degree of 
variation in fibre-length in the F, generation may be considerable. 


Inheritance of Crimp 


It has recently been shown by Barker and Norris (1930), Norris (1931), 
Norris and Claassens (1931), and Norris and van Rensburg (1930) that 
crimp can no longer be considered a static characteristic of wool; rather 
is it an expression of a periodic function of time, irrespective of the 
length of wool which may be produced during that time. The authors 
prove that in a given animal the total number of crimps per fibre, in the 
fibres of a lock of wool selected haphazard from any point of the fleece, 
is independent of the length of the fibre. Fibre-lengths in the same lock 
may vary by many centimetres, but the total number of crimps per fibre 
shows a variation in no way related to this variation in fibre- length. 
Consequently, the fibres which have the fastest rate of growth in a staple 
produce crimps which are larger than those produced by the slower- 
growing fibres, and upon occasions (such as during the spring flush of 
grass, or when body metabolism is most active) the staple will show 
wider crimps than at other times. The earlier method of evaluating 
crimping in wool by measuring the number of crimps eS unit length of 
the staple (cm. or in.) is consequently no longer valid. (For further 
information see S. G. Barker, 1931.) 

Various authors have made records of the inheritance of number of 
crimps - unit length. These may be cited, although, in the light of 
the work mentioned above, the data presented cannot be regarded as 
eminently useful. 

Bailey (1914) in crosses of Shropshire ¢ x Merino 33 found the 
number of crimps per unit of fibre-length to be intermediate in the F,. 
Pazzini (191 5) analysed the cross of sheep of the Tiber valley (land 
sheep « Bergamask breed) » Rambouillet rams, and found the follow- 
ing number of crimps per cm.: 


Native sheep, 1st shear. . 68 
Native sheep, 2nd shear. 
Cross-bred, 1st shear ‘ . 109 


Cross-bred, 2nd shear 123 
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In the F, there was still more crimping. ‘Tanzer and Spéttel (1922) in 
the Zackel x Somali cross found that the lambs at two months old 
exhibited crimpiness which, owing to a more close fleece, was not so 
corkscrew-like and open as the Zackel, but approached rather the 
Karakul type. ‘The tendency towards crimp is present in both parents, 
but very weak in the Somali. Thus, the crimp would be transmitted by 
the Zackel, whilst the closeness is a Somali character. Terho (1923) 
gives the following data: 


No. of Mean length 


animals of crimp 
Leicester. ‘ 5 12°3 mm. 
Merino ; 40 1°66 mm. 
F, i 22 2°45 mm. 
F, < Leicester. 4°00 mm. 
F, Merino 78 2°31 mm. 


The small crimp of the Merino appears to be incompletely dominant 
over the large crimp of the Leicester. No crimps as large as 4-8 mm. 
occurred in F,, though they may be observed in F, and in back-crosses 
to Leicester. No suggestion is made as to the number of genes, but 
polymery is probable. ‘The British Research Association for the Woollen 
and Worsted Industries (1925) observed in the Blackface « Kerry Hill 
cross an F, of three types, viz. two parental and a third with marked 
wavy wool. 


Inheritance of Weight and Density of Fleece 

In searching the literature for records of experiments which have been 
conducted in an endeavour to determine the mode of inheritance of 
weight of wool produced and the density of wool-fibres on a unit area of 
skin, a considerable amount of general evidence can be produced; but 
there is a lack of adequate critical experimentation. 

In most breeds of sheep there exists a degree of variation of gross 
fleece-weights of the order of 20 per cent. This is due to variations in 
actual production of clean wool occasioned by individual differences in 
age, size, sex, environment, and genetic constitution, to different degrees 
ot admixture of wool with débris, soil, sand, dung, &c., and to variations 
in the contents of grease and moisture. Consequently, by weighing fleeces 
as they are removed from the sheep, reliable results are only obtained 
when large numbers are available. In most of the controlled genetic 
experiments reported, the numbers of sheep have been small, and mean 
weights for the breed or cross are not available for comparison; whilst 
individual fleece-weights from breeders’ flocks kept under commercial 
conditions are difficult to obtain. 

For strict genetic treatment, weights of clean, scoured fleece are desir- 
able; a rapid means of determining the yield of clean scoured wool and a 
technique for determining absolute dry weights (either by direct readings 
or by calculation from suitable samples of conditioned wool) would be 
necessary. These determinations entail a great expenditure of time and 
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considerable labour, especially where large numbers of sheep are dealt 
with, and the writer knows of no large-scale experiments where they 
have been recorded. 

From an examination of such results as have been published, from the 
experiences of practical breeders, and from careful observations made at 
this Institute, it is permissible to conclude that gross weights of fleece 
follow the general rules of intermediate inheritance. This applies to 
observations made within a breed or flock as well as to observations made 
in cross-breeding experiments in which gross fleece-weights in the 
parents were widely different. 

The determination of the number of wool-fibres growing upon a unit 
area of skin has not yet been sufficiently studied to permit of definite 
conclusions being drawn. Difficulties in securing accurate samples have 
been great, and until recently there has not been available a technique 
free from serious objections. Burns and Miller (1931) describe two 
methods which are calculated to overcome the more serious objections 
raised against some of the earlier methods and which have given satis- 
factory results up to date. ‘There has not yet been time, however, to use 
these extensively in experiments on the inheritance of fibre population- 
density. 

Preliminary results, however, support the hypothesis that with certain 
exceptions (of which crosses involving Merino parents appear most im- 
portant) number of fibres per unit area is inherited in an intermediate 
manner. 


Inheritance of Kemp Fibres 


During recent years the occurrence of kemp fibres in the wool of sheep 
has formed the subject of numerous studies (Bliss, 1926; Duerden, 1926; 
Roberts, 1926; Blyth, 1926; and Hirst and King, 1926). The precise 
nature of the kemp fibre can now be defined and it is important to 
differentiate between it and the medullated coarser wool-fibre, such as 
is commonly found in Romney wool. Kemp fibres, as they occur in 
domesticated sheep, represent a remnant of the coarse, hairy, outer-coat 
of the primitive sheep. As typically encountered, the kemp fibre is short, 
thick, rigid, and finer at tip and root than along the shaft; it possesses a 
fairly regular wave or crimp in one plane only, is extremely brittle, has a 
‘dead white’ or chalky appearance, and is medullated except for the short 
fine tip and, when shed naturally, for a portion of the proximal part of 
the shaft. In many breeds, if not in all, kemp has the further charac- 
teristic that its period of growth and the time of its shedding occur 
independently of the other constituent fibres in the fleece. Some kemp 
fibres are cut off at shearing time; others may have already been shed but 
are still entangled amongst the wool-fibres of the fleece; whilst some are 
shed and fall to the ground before the wool-fibres have grown long 
enough to retain them. 

Owing to its lack of elasticity and the difficulties met with in attempt- 
ing to dye it, the presence of kemp in wool for manufacturing purposes 
is a decided disadvantage. 

There have been strong reasons for considering that differing degrees 
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of kempiness are inherited. Barker (1931) admirably summarizes these 
as follows: 


1. In the course of work on the Welsh Mountain Sheep it has been found that 
there is a very close connexion between the type of birth-coat possessed by the lamb 
and the proportion of kemp subsequently developed in the adult fleece. The type 
of birth-coat shown by the lamb is a matter of inheritance. 

2. If sheep are compared which have just the same type of birth-coat, differences 
in kempiness may be discovered, and data are at present being accumulated to dis- 
cover how far, in such a case, these different degrees of kempiness are inherited. 
This work goes to show that inheritance is undoubtedly the important factor. 

3. It is easily possible to find in one and the same flock, sheep of the same age, 
kept under precisely the same conditions, which will show absolutely different 
amounts of kemp in the coat. 

4. Sheep kept under artificial conditions, for example, sheep that are being fed 
for show, if the coat was originally of a kempy nature, still preserve this feature. 

5. Individual sheep examined over a period of years do not show any large 
differences between the proportions of kemp in different years. 

6. Even in pure Merino flocks a sheep will very occasionally occur with a coat 
that is quite full of kemp. This is a good example of what is popularly termed 
‘reversion’, a purely hereditary phenomenon. 

7. Those breeders who have the greatest experience of intensive sheep husbandry, 
for example, the Merino breeders of Australia, have no doubt whatsoever that 
kempiness is a matter of breeding. 

To sum up, therefore, it may be confidently stated that differences in degree of 
kempiness are predominantly a reflection of hereditary differences, and that if 
environmental conditions do cause any effect, that effect is very small in comparison. 
The theory that lowland breeds of sheep, kept under adverse conditions on the 
mountains, would rapidly develop kemp, has nothing to support it. 


It may be added that the complementary theory that kempy mountain 
breeds, when kept under low-ground conditions, would grow wool free 
from kemp has been shown on numerous occasions to be erroneous. 

Bryant (1933, unpublished) has shown that when the degree of kempi- 
ness in a Scottish Blackface ram used for breeding purposes is deter- 
mined upon a percentage-weight basis, the figures obtained are signi- 
ficantly correlated with the degree of kempiness exhibited by his progeny. 
His analysis of the inheritance of kemp in this breed indicates that there 
are probably major and minor factors involved, the former of which can 
readily be manipulated by practical breeding, though the minor factors 
are more refractory. If this conclusion is substantiated, a means will be 
at hand whereby in the Blackface breed kemp can be reduced to negligible 
proportions, though absolute eradication may not be possible. From the 
work of Roberts and White (1930) with Welsh mountain sheep there is 
strong evidence that degrees of kempiness are similarly inherited in that 
breed, and as other breeds of sheep form subjects of study there is every 
reason to believe that similar principles of 6 weet will apply equally 
to them. 

It is necessary carefully to differentiate between the true kemp fibre 
and coarse, sometimes hairy, medullated fibres which are seen particu- 
larly in britch wool from various breeds of sheep. No references to 
genetic work on the inheritance of these fibres have been found, but Dry 
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(1931) has studied their occurrence in New Zealand (mainly in Romneys), 
whilst a technique which has for its aim the rapid and easy estimation of 
the proportion of medullated fibres in a sample of the wool of New 
Zealand Romney sheep, has recently been reported by Elphick (1932). 
‘This is called the ‘benzol test’. It consists of examining a staple of wool 
from a given sheep by the naked eye after immersion in benzol, which has 
a refractive index practically the same as that of non-medullated wool. 
‘The air-content in a medullated fibre, having a refractive index higher 
than that of the solid wool-fibre, enables these medullated fibres to be 
readily seen by the naked eye. It is stated that the technique is being 
applied to breeding flocks with a view to determining the mode of 
inheritance of medullated fibre, but to date no results are available. 


Inheritance of Certain Secondary Wool-Characters 

In addition to the more important characteristics of the fleece which 
have been discussed, there are certain minor characters which have been 
studied. Some of these are of very considerable practical importance, 
and deserve more attention than has already been paid to them. Such 
recorded work as is available will be briefly considered. 

‘Chalk-face’ in Merinos.—‘Chalk-face’ or ‘Frosted-face’ are terms 
chiefly used in America to designate the presence of stiff, coarse, dull- 
white hairs on the faces of Merino sheep. ‘These appear in sharp contrast 
to the uniform soft fine fibres which form the normal hairy covering of 
the faces of this breed, and which are referred to by breeders as ‘velvety’. 
This feature of ‘velvetiness’ on the face is regarded by some as being 
correlated with excellence of fleece and accordingly is desirable in good- 
quality breeding stock. Conversely, chalky fibres are believed to be 
correlated with coarseness of fleece. In addition, an abundance of chalky 
fibres are liable, when they are shed, to become entangled in the fine wool 
of the neck. ‘This requires a more careful skirting of the fleece with, in 
the aggregate, a not inconsiderable wastage of fine wool. 

Warwick (1931) and Warwick and Bell (1929) carried out experiments 
to determine the mode of inheritance of chalky fibres. ‘They obtained 
results as shown in the following tables from Warwick (1931): 


Chalky-faced » Chalky-faced Merino Sheep 


Chalky hairs Chalky hairs 


present absent Total 
Expected (3-1). ‘ 15 5 20 
Deviation. —2 +2 


Clean-faced » Chalky-faced Merino Sheep 
Chalky hairs Chalky hairs 


present absent Total 
Expected (1-1). 9 14 
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Warwick, therefore, concludes that the condition is due to dominant 
rather than to recessive characters, and suggests that only one pair of 
dominant factors is responsible. Rigid and continual selection against 
chalk-face would therefore serve to eliminate this condition from a stock 
of breeding ewes, and only rams free from it should be used. 

Soft and stiff hairs on face.—Wriedt (1925) reports the results of ex- 
periments conducted to determine the inheritance of soft and stiff hairs 
on the face, especially the nose, of Rygaya sheep in Royaland, Norway. 
He obtained the following results: 


(1) Soft-haired 3 Soft- and Stiff-haired 2° 


| | 
41 Soft-haired 2 doubtful 


He concludes this ram to have been homozygous and soft hair to be a 
dominant character. 


(2) Stiff-haired 22  Soft-haired 3 Soft-haired 22 
| 
6 Soft-haired 1 Stiff-haired 


| 
3 Soft-haired 3 Stiff-haired 


He concludes that this ram was heterozygous. 

Four other rams investigated proved to be heterozygous; with soft- 
haired ewes they gave a total of 31 soft-haired, 5 doubtful, and 5 stiff- 
haired offspring. 

From these and other data, Wriedt concludes that the character for 
soft hair is based upon a simple Mendelian dominant factor. 

Head-furnishings—Among many breeds of sheep there is developed, 
as a breed characteristic, a lock of wool on the poll extending forward on 
to the forehead. This is referred to by breeders variously as a ‘forelock’, 
‘forehead lock’, ‘muff’. It is to be seen to its maximum development in 
the English Lincoln Longwool, English Leicester, Oxford, Cotswold, 
Devon Longwool, and Wensley dale, and is to be differentiated from an 
extension of the wool of the neck on to the face as is seen in the Shrop- 
shire, Hampshire, and Southdown. Many breeds, such as Suffolk, 
Cheviot, Border Leicester, and Derbyshire Gritstone, have bare heads 
quite devoid of w ool, with a clean line of demarcation between the wool- 
bearing skin of the neck and the hair- bearing skin of the head and face. 

In other breeds, in particular the dark-faced horned British Mountain 
breeds—Scottish Blac ‘face Mountain, Swaledale, Rough Fell, and Lonk— 
there are animals to be met with which have bare heads and others which 
have considerable amounts of wool in this situation, though in high-class 
flocks animals are usually bred with clean heads free from wool. 

The presence of much wool on the face, and especially round the eyes, 
is a disadvantage in countries where vegetable burrs are common, where 
there is much risk of blown sand getting into the eyes and silting in the 
wool around them, or where severe snowstorms are common. In Scot- 
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land, particularly on the mountain grazings where the Blackface ewes 
may have to withstand very severe snowstorms and blizzards, a heavy 
head- furnishing (‘muff’) is not infrequently the cause of much loss. 
Snow gathers in the wool, partially melts, then frequently freezes and 
forms a stiff cap over forehead and eyes which blinds the animal and not 
infrequently results in loss through falling over steep rocks, into streams 
or bogs. 

The mode of inheritance of head-furnishings is consequently of con- 
siderable importance. 

Wood (1905-6, 1g08—10) found that in F, animals from Suffolk (bare- 
headed) and Dorset Horn sheep (woolly heads) the amount of wool on 
the forehead was more or less intermediate between that of the parental 
types. In F, and subsequent generations segregation was marked, but 
no definite proportions could be given. Thilo (1922) reports similar 
results in the work carried out in the foundation of the Neuenkirchen 
Meles sheep from English Leicester (tufted) ¢ Merino (clean) 2. 

Pucci (1915) found that, in crosses between Rambouillets and sheep of 
the Middle Tiber valley, the extension of fleece of the Rambouillet on to 
head, throat, and limbs, was dominant. (Middle ‘Tiber valley sheep have 
these areas devoid of wool.) In the F, generation simple segregation 
took place. 

In experiments carried out at this Institute with Lincoln 3 Cheviot 
$$ crosses, the head-furnishings of the Lincoln type were found in all 
F, animals, whilst with Shetland 3 » Lincoln 33 crosses the degree of 
head-furnishings was somewhat less than in the Lincoln parent, but no 
bare-headed F, animals occurred. F, generations were not reared. 
Observations upon a very large number of Blackface sheep show quite 
clearly that in this breed presence of wool on the forehead is dominant to 
its absence. We must postulate more than one pair of allelomorphs, 
however, to account for the variations in degree of ‘muff’ which are 
encountered in this breed. Details will, it is hoped, be published later. 

Localized covering of wool.—Settegast (1878) reported that a cross of 
Mouflon, which has no wool on head and legs, with Merino, which 
has woolly head and legs, gave F, of the Mouflon type. Arkell (1910, 
1912) crossed Shropshire (woolly head and legs) with Suffolk Down 
(woolless). Out of gg F,, 3 had a lower grade of wool-furnishings than 
the Suffolk, g were like the Shropshire. The remainder were inter- 
mediate. ‘There was no sex-linkage and reciprocal crosses gave similar 
results. Probably more than one factor is involved. Pazzini (1915) used 
Rambouillet rams on sheep of the Tiber valley, which have woolless head, 
neck, belly, and legs. ‘The F, had wool on the head to the temples and 
round the ears, also on the neck, belly, and legs; the F, exhibited an even 
closer approach to the Rambouillet. Adametz (1920) found among his 
crosses iambs with a typical Karakul fleece but a Rambouillet type of 
head-covering. Thilo (1912, 1922) reports that the head- and leg- 
covering of Mele sheep is intermediate between the parents’. ‘The 
British Research Association (1925) recorded in the F, of the Blackface 

Southdown cross that a tuft of wool occupies the position of the 
forelock. 
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It has been frequently pointed out by various authors that no simple wit 
Mendelian approach is applicable to a study of the various characters eg 
which together constitute the fleece. Wool-production by the skin of the © "°F 


sheep depends upon a multifactor system, whether the fleece is con- f afte 
sidered as a unit, or whether the study includes only one, or a combina- — -_ 
tion, of its various physical attributes. The marked exception to this is of \ 
the character of colour. ‘The exhaustive studies made by Dry (1924, — 
1926, 1927), Roberts (1924, 1926 (a), 1926 (d), 1927, 1928, 1931), 
Roberts and Jenkins (1926), Roberts and White (1930), Vassin (1928), 
Adametz (1917), and many others show that fleece-colours in sheep are 
inherited in epistatic series. Colour has, however, not been considered 
in this paper and will not now be further discussed. 

Where only one wool-character has been studied, the bulk of the 
evidence from widely divergent sources shows that with few exceptions 
the character in question is exhibited by the progeny to a degree which is 
intermediate between the parental types. It is also instructive to note 
that, in cross-breeding experiments in which several fleece-characters 
have been studied simultaneously, the intermediate characterization of 
the type of wool grown by the F, generation is constantly stressed. 

The practical sheep-breeder both in Britain and in the wool-producing 
countries of the Empire has conducted operations along lines which are 
in accordance with this principle of intermediate inheritance, and has 
obtained most remarkable results. ‘That individuals do occur, especially 
sires, which transmit to their progeny more of their own fleece-characters 
than would be expected were inheritance of these always strictly inter- 
mediate, is not disputed. But a theory of general intermediate inheri- 
tance is able to accommodate such prepotent animals as these. ‘The 
degrees of homozygosity for any given character must vary, and it is 
readily possible by suitable selection to concentrate the factors for one or 
another fleece-quality in a strain or in individual animals. Where such 
concentration has proceeded to a degree greatly in excess of the general 
average for the breed, it is to be expected that progeny will exhibit the 
quality under consideration to a more marked extent than will the 
average animal. In almost every breed of domesticated sheep there has 
been one outstandingly good animal during recent times, and in some 
breeds there have been several. At sales, competition for them or for 
their progeny has been fierce, and remarkable prices have been paid. In 
subsequent breeding they have impressed their characters upon their 
progeny in a manner which makes their recognition easy. It is interesting 
to speculate whether such individuals may not have been mutations, but, 
in the absence of any proof, speculation is undesirable. 

If those physical characters of wool which have been investigated are 
considered collectively in inheritance, there strongly emerges the sugges- 
tion that it will be unprofitable in the present state of our knowledge to 
attempt an analysis of the fleece of the sheep upon a basis of individual 
genetic factors; rather does it seem ecco to accept as a working 
hypothesis a multifactor basis for each physical character of wool. It is 
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permissible to consider that in the great majority of cases the phenotype 
behaves in breeding as a genotype, even though it may not be identical 
with it. Policies of breeding which aim at eradication of undesirable 
features, and those which are drawn up to give effect to a desire or need 
for improvement, may safely be framed upon this principle, which is, 
after all, that which the practical breeder has endeavoured to follow 
during the past. Improvement proceeding towards an ideal defined type 
of wool must be progressive, and the alert sheep-owner, in a position to 
recognize the outstandingly good animal, will seize every opportunity to 
make the best use of its potentialities. 


Summary 


1. Desiderata for genetic experiments where wool-characters are to 
be studied are enumerated and discussed. 

2. A review of literature dealing with the inheritance of fineness, 
length of fibre, crimp, fleece-weight and density, kemp, and certain 
accessory attributes of the fleece, is given. Results of the writer’s work 
carried out in the Institute of Animal Genetics are included, and parti- 
cular difficulties experienced in obtaining reliable data are summarized. 

3. The inheritance of wool-characters in general is discussed and con- 
clusions drawn from the works cited are given. 
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THE EFFECT OF NITROGENOUS FERTILIZERS ON THE 
GROWTH AND YIELD OF WHEAT AND BARLEY IN 
SOUTH AUSTRALIA! 


Pt. I. WHEAT GROWN AFTER FALLOW AND AFTER STUBBLE 


A. E. V. RICHARDSON anp H. C. GURNEY 
(Waite Agricultural Research Institute, University of Adelaide) 


Introduction —The effect of nitrogenous fertilizers on cereals, pastures, 
and root crops has been exhaustively studied in Europe, and the response 
of these crops to nitrogen has been worked out in great detail. The 
remarkable response of Australian soils to soluble phosphates has in 
the past led to an intensive study of the phosphate problem, and the 
investigation of the response of crops to the various forms and quantities 
of phosphatic fertilizers. Partly owing to this circumstance, and partly 
to the fact that in Australia wheat is usually grown on a well-prepared 
bare fallow, which is normally unresponsive to nitrogen, comparatively 
little attention has hitherto been given to the position of nitrogenous 
fertilizers in cereal culture. 

Wheat is the most important of the cultivated crops of Australia. 
‘The area annually sown averages 18 million acres. Whilst the greater 
part of the wheat-belt lies within the 10o—20-inch line of rainfall, quite a 
considerable portion has a rainfall of over 20 in., of which 70-80 per 
cent. falls during the growing period of the crop—May to November. 

The climate of the wheat-belt is mainly of the Mediterranean type, 
with marked seasonal winter rainfall and a long period of summer 
drought. This is particularly true of the wheat areas in Western Australia, 
South Australia, Victoria, and the southern portion of New South 
Wales. 

The normal practice in the older settled areas of the wheat-belt is 
to precede the wheat crop with a well-worked bare fallow. ‘The length 
of the fallowing period is usually from 7 to 10 months. The benefits 
of fallowing [1] in areas of light to moderate rainfall are explained on the 
following grounds: (a) conservation of soil moisture, (b) accumulation 
of nitrate nitrogen in the fallow, (c) reduction of competition with weeds, 
(d) promotion of tilth and a firm seed-bed for the wheat-plant. A further 
practical advantage is that it tends to distribute the work of the farm 
evenly through the year, and enables the grower at seed-time to have 
large areas of clean land, appropriately tilled, when the seasonal rains 
commence. 

Moisture-conservation is important in regions of moderate rainfall, 
since the extra moisture conserved by bare fallowing may represent a 
considerable proportion of the soil moisture actually ‘available’ for the 
crop, i.e. the amount of soil moisture below which wilting of the plant 


' The experimental results obtained in the period 1928-30 have been published 
previously in South Australia.—Edit. 
3988-3 
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occurs. Moisture-conservation, however, is less important in regions 
of liberal rainfall (over 20 in.), since the seasonal rainfall is usually suffi- 
cient for the transpirational demands of heavy crops. 

Experience during the past four seasons at the Waite Institute has 
shown that the most striking contrast between fallowed and non-fallowed 
land at seed-time is not in the moisture, but in the nitrate nitrogen 
contained in the soil (see p. 199). The accumulation, by biological 
processes, of nitrate nitrogen to a high level in bare fallowed soils is an 
important factor in producing the superior yields of wheat on such 
soils. As available nitrogen is no longer a limiting factor on such soils, 
full advantage can be taken by the crop of the soluble phosphates applied 
to the soil, and of the rains which fall during the growing period. 

Earlier investigations at the Waite Institute suggested that the nitrogen 
factor was more important than was formerly supposed. Comparisons 
of wheat grown in rotation with peas and with bare fallow showed that 
over a period of years the yield of wheat after peas was frequently greater 
than that of wheat after bare fallow. Moreover, the application of nitro- 
gen to cereal crops on stubble ploughed soil invariably resulted in a 
substantial increase in yield, whereas on fallowed land the response to 
nitrogen was negligible. 

Hitherto most field experiments with nitrogenous fertilizers for wheat 
in Australia have been conducted on well-prepared fallow, which normally 
contains an abundance of nitrate nitrogen. Under these circumstances 
substantial responses to nitrogenous fertilizers could hardly be expected. 
Nevertheless small responses have been recorded at Roseworthy [2] and 
Booborowie [3] on fallowed land. 

For these reasons a series of investigations was commenced in aga 
to determine the response of wheat to nitrogen on a well-prepared fallow 
and on wheat after wheat. 

Climatic conditions of district—The Waite Institute is situated 3} 
miles from Adelaide, near the foot-hills of the Mount Lofty ranges. 
The climate of the Adelaide district, in common with the greater part of 
the wheat-belt, is of the Mediterranean type, with regular winter rainfall 
succeeded by summer drought. 

Records of monthly rainfall and monthly evaporation from a free 
water surface for Adelaide extend back for g1 and 60 years, respectively, 
and are summarized in graphical form in Fig. 1. The mean evaporation 
from a free water surface during the summer months exceeds 7} in. per 
month, whilst the mean rainfall for these months averages less than 1 in. 
In late April or May there is usually a pronounced break in the season, 
followed by more or less regular rains for a period of four months. 
From mid-April to the end of August the rainfall exceeds the evapora- 
tion from a free water surface, and as mean soil temperatures at 1 in. 
are considerably above 40° F., even during the coldest period of the year 
(July), the growth of cereals and pastures is fairly vigorous. From 
September onwards the rainfall decreases, while the evaporation rate 
rapidly increases, and usually at harvest the moisture-content of the soil 
carrying a cereal crop falls below the wilting-point. 

The monthly rainfall and number of rainy days on which rain was 


INCHE S 


IN 


MEASUREMENT 


4 rec 
4 tes’ 
TA 
Jan 
Feb 
Ma 
Apt 
Ma’ 
Jun 
Juls 
Aus 
Sep 
Oct 
Nov 
Dec 
Jun 
Nov 
1 
| 
Fic. 
F 
: Inst 


we 


NITROGENOUS FERTILIZERS ON WHEAT IN S. AUSTRALIA 195 


recorded at the Waite Institute for the five seaons during which the 
tests were conducted are summarized in the following Table: 


TaBLE I. Monthly Rainfall and Number of Rainy Days. Waite Institute, 


1928-32 
Monthly rainfall Number of rainy days _ 
1928 | 1929 | 1930 | | 1932 1928 1929 1931 1932 
January 1:095 | 0°675 | 0:035 | 0°762  0:227 7 2 10 2 
February 2°630 0:027 0°363 | 1°604 4 2 4 6 II 
March 1°365 0249 1637 4 9 2 10 
April 1°356 | 1016) 1:059! 5°510 8 15 13 12 22 
May 2°650| 1°728| 0-970! 3°252| 2:°114 12 17 25 12 
June 4°584 | 4°263| 1°522| 5:968| 5-272; 22] 22 | 23 
July 3°332 2649 4173) 3527 14 21 25) 26 27 
August 0-845 | 2°373 | 3°729| 3°265| 3-615 8 21 26 | 24/| 24 
September 2-039 | 3:214| 4'512| 1:°942 12 16 28 26 23 
October | 1°168 | 3°350| 0°632| 2:427| 18 19 14 10 19 
November 0°'535 | 1°:263 1°122) 1:073 0°558 15 10 II 
December  3°677. 0°917. o-4gor 4 8 2 8 
Total 23°544 | 21°445 | 21:184 | 26°897 | 28-834 120. 168 151 181 192 
June to 
November 14°30 | 14°44 | 17°84 | 19°623 | 17°34 78 | 11r | 116 | 11g | 127 
10 Pp 250 
9 4 A 225 
RAINFALL 
4 
\ 
\ / 4 
69 \ 150 = 
\ 
\ 
4 125 
/ 
\ / 
wi 
34 \ 7 
24 50 


JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC JAN 
Fic. 1. Graph showing mean monthly rainfall (91 years) and evaporation (60 years) 


for Adelaide. 


Effect of Nitrogenous Fertilizers on the Growth and Yield of Wheat 


For five seasons, investigations have been conducted at the Waite 
vas || Institute to determine the effect of various quantities of nitrogen on the 
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yield of wheat after (1) bare fallow, (2) wheat. The field plots have in | 
all cases been replicated six times, and the method of plot arrangement 
throughout the five years has been the randomized Latin-square method 
devised by Fisher [4]. Z 

The moisture and nitrate-nitrogen contents of the soil were deter- 
mined at periodic intervals and census studies were made to correlate 
the differences in yield with observed differences in the crop throughout 
its growth. The plots and treatments for both fallow and stubble ploughed 


land involved six manurial treatments and six replicates in each group. : 
The unit plot used was a g-hoe drill strip, 5 chains long and ,.th acre | 
in area. ‘The treatments were as follows: ( 
A. No nitrogen. I 
B. Sulphate of ammonia, } cwt. at seeding. E 
C. Sulphate of ammonia, 1 cwt. at seeding. I 
D. Sulphate of ammonia, 2 cwt. at seeding. 
E. Sulphate of ammonia, 1 cwt. in spring. Gr 
F. Sulphate of ammonia (1 cwt. at seeding and 1 cwt. in spring). . 
In order to remove the possible influence of phosphoric acid as a E 
limiting factor to production, a basal dressing of 288 lb. of super- C 
phosphate per acre was applied with the seed to all wheat plots in each - 
year of the test. F 
Effect of sulphate of ammonia on yield of wheat.—The yields of total 
produce (grain and straw) and of grain for each of the five years 1928-32 
and the average yields for each treatment are summarized in the follow- 7 
ing Table: 
TABLE 2. Effect of Various Quantities of Sulphate of Ammonia on Yield \ ‘“*" 
of Wheat (Total Produce and Grain) when grown after (a) bare fallow, © p 
(b) a wheaten stubble (stubble-ploughed land). Waite Institute, 1928-32 ful 
TotaL PRODUCE (cwt. per acre) wa 
Mean 
increase ac 
Quantities of Mean due to afte 
sulphate of ammonia 1928 1929 1930 1931 | 1932 1928-32 nitrogen \ 
GROWN AFTER STUBBLE hac 
A. No nitrogen 65:0 | 39°4 | 37°7 | 36°5 | SorI1 47°5 ae gra 
B. } cwt. at seeding 66°3 | 42°5 | 45°1 | 44°0 | 65°51 52°7 52 "1 
C. 1 cwt. at seeding 67°4 | 43°8 | 50:2 | 51°90 | 73°76 57°4 9°9 
D. 2 cwt. at seeding | 496 | 59°4 | 62°5 89-09 66°5 19'0 
E. I cwt. in spring 66°38 | 41°5 | 48-4 | 44:1 | 74°86 55°1 7°6 TA: 
F. 1 cwt. at seeding | 


I cwt. in spring | 49:1 58:4 | 60°6 86-48 64:8 17°3 


GROWN AFTER FALLOW 


A. No nitrogen 90°5 | | 47:4 79°39 70°3 
B. 3 cwt. at seeding 65°7 | 92°7 | 70°4 | §3°3 | 84°38 73°3 30 
C. 1 cwt. at seeding 65°5  91°8 | 69°4 56:9 87-70 74°3 4:0 
D. 2 cwt. at seeding 65°3. 91°8 67:9 | 60°3 93°94 75°8 
I cwt. in spring  g1°8 | 69:3. 87-28 


. I cwt. at seeding 
I cwt. in spring 64°8 908 68:7 59°4 92°50 49 
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TABLE 2 (cont.) 


GralIn (bushels per acre) 


Mean 
increase 


Quantities of due to 


Mean 


sulphate of ammonia 1928 | 1929 1930 | | 1932 1928-32 nitrogen 
GROWN AFTER STUBBLE 
A. No nitrogen 48°53 30°55 29°35 | 31°88 42:50 36°56) ‘ 
B. } cwt. at seeding 48°00 33°54 | 33°86 | 36°65 46°55 39°72 | 3°16 
C. 1 cwt. at seeding 48°05 33°85 | 37°18 | 40°47 50°22 41°95 | 5°39 
D. 2 cwt. at seeding 51°30 | 37°26 | 42°56 | 43°59 | 53°76 45°69 > 9°13 
E. 1 cwt. in spring 47°35 | 32°48 | 35°76 | 36-32 | 50°60 «40°50 | 3°94 
F. 1 cwt. at seeding | | 
I cwt. in spring |} 49°01 | 36-94 | 41°85 | 43°62 | 53°95 45°07) 8-51 
GROWN AFTER FALLOW 
A. No nitrogen 47°25 | 65°27 | 45°60 | 38-70 | 48-63 49°09) ' 
B. 4 cwt. at seeding 47°61 | 65-76 | 45°73 | 42°84 | 50°97 | 50°58 1°49 
C. 1 cwt. at seeding 46°67 | 65°34 | 43°71 | 44°36 | 52°25 50°47] 1°38 
D. 2 cwt. at seeding 46:02 64°65 | 42°21 | 44°95 | 51°04 49°77 p T 68 
E. 1 cwt. in spring 45°94 64°78 | 43°66 | 41°69 51°21 49°46) 
F. 1 cwt. at pe | 
I cwt. in spring 45°46 | 63°53 | 41°21 | 44°52 | 51°70 49°28) 19 


* Statistical analysis shows that the value of z for treatments is significant. "The 
standard error of the difference between these mean values for 1928-32 is 1°47 bushels. 
+ Statistical analysis shows that the value of z for treatments is significant. ‘The 
standard error of the difference between these mean values for 1928-32 is 1:03 bushels. 


The mean yield of wheat for five seasons of wheat on fallow with a 
full basal dressing of superphosphate, but with no nitrogenous fertilizer, 
was 70-3 cwt. of total produce and 49-1 bushels of grain per acre. Sul- 
ones of ammonia, in — ranging from } cwt. to 2 cwt. per acre, 

ad no appreciable effect in increasing the yield of grain with wheat 
after bare fallow. 

With wheat after wheat, however, applications of sulphate of ammonia 
had a marked effect in increasing the yield both of total produce and of 
grain. 

The increases for five seasons are summarized in ‘Table 3: 


TABLE 3. Increases in Yield (Total Produce and Grain) with Sulphate 
of Ammonia 


Amount and time Total produce Grain 
of application (cwt. per acre) (bush. per acre) 

cwt. at seeding 3°16 
I cwt. at seeding 9°9 5°39 
2 cwt. at seeding 19'0 9°13 
I cwt. in spring 7°6 3°94 
I cwt. at seeding | 
I cwt. in spring | 17°2 8-51 
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The mean increase in yield for five seasons for } cwt. application of 
sulphate of ammonia was 5-1 cwt. of total produce or hay, and 3-16 
bushels of grain per acre. An application of 1 cwt. per acre gave 
increases of 9-9 cwt. per acre of Hen yori and 5:39 bushels per acre 
of grain. Both these applications are profitable with current or with 
mean prices for the period for wheat and fertilizer. 

The profit resulting from the application of sulphate of ammonia on 
the basis of these results is dependent upon the relative prices of grain 
and total produce (wheaten hay) on the one hand, and the cost of the 
fertilizer on the other. As the price of wheat decreases and the price 
of the fertilizer increases, the amount of profit from the use of the 
fertilizer falls. Conversely, as wheat prices increase and fertilizer prices 
decrease, the profit per acre from any given application rapidly increases. 

In Part II of this communication, dealing with the effect of varying 
quantities of nitrogen on the yields of barley, it will be shown that the 
increase in crop yield produced by a unit increment of nitrogen (as 
observed by Mitscherlich, 1909) [5] is proportional to the decrement from 
the maximum, and that if a = maximum yield obtainable with nitrogen 
when present in excess, and y = yield and x the amount of fertilizer, then 


= (A-y) or log. A-y = C-Kx. 
A similar relationship holds for nitrogen on yield of wheat grain in these 
experiments. 

rom the above relationship the most profitable dressing per acre 
may be calculated with varying prices a sulphate of ammonia and 
wheat. With wheat at 2s. 6d. per bushel and sulphate of ammonia at 
13s. per cwt., the most seaiitibte quantity of sulphate of ammonia to 
use, under the conditions of these experiments, would be 86 Ib. per acre. 
With high values for wheat (5s. per bushel) and low values for fertilizer 
(gs. per cwt.), the most profitable quantity would be 256 lb. per acre. 

Fluctuations in the moisture and nitrate-nitrogen contents of the land 
under crop.—During the seasons 1929-32 the moisture and _nitrate- 
nitrogen contents of the soil on fallow and stubble land were deter- 
mined at critical periods during the growth of the crop. The soil and 
subsoil in all cases were sampled at four depths, namely o-9 in., g—18 in., 
18-27 in., and 27-36 in.; and at each sampling period ten holes were 
bored to a depth of 3 ft. The wilting-point of md 4 soil layer was deter- 
mined according to the method described by Briggs and Shantz [6] by 
growing wheat in ten replicated series of pots, and observing the point 
at which permanent wilting took place in a saturated atmosphere. 

The moisture and nitrate-nitrogen contents of the stubble and fallow 
soils at seeding for each year are summarized in Table 4. 

The mean moisture-content of the fallowed soil at seeding for the four 
seasons was 21-9 per cent., as compared with 20-4 per cent. for the stubble- 
ploughed soil. This difference is equivalent to 0-6 in. of rain. The 
moisture really available for the wheat crop is that above the point of 
permanent wiking, which for the first 3 ft. of soil averages 15-6 per cent. 
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‘aBLE 4. Mean Moisture and Nitrate-Nitrogen Contents of Soil to a 
Depth of 3 feet on Bare Fallow and Stubble-Ploughed Soil at Seeding and 
Harvesting of Wheat 


At SEEDING 


Moisture Nitrate Nitrogen 

Fallow Stubble Fallow Stubble 

per per parts per parts per 

Year cent. cent. million million 
1929 23°2 19°7 10°3 4°6 
1930 - 21°5 20°8 11-4 79 
2937 23°8 23°2 6-6 4°2 
1932 : 19°3 17°9 5°6 2°3 
Mean 21°95 20°4 8:5 48 

AT HARVEST 

1929 - 12°4 8 
1930 - 14°0 28 
Mean 12°7 13°! 2:2 2°5 


The surface soil (o-9 in.) being much coarser in physical texture, has 
a lower wilting-point than the lower layers, which contain considerable 
quantities of clay. 

At harvest the moisture-content of both soils was reduced to relatively 
low values by the transpirational demands of the crop. In fact, the 
moisture-content of both soils was reduced below the point at which 
permanent wilting takes place. 

The nitrate-nitrogen content of the fallow soil is much higher than 
that of the stubble-ploughed soil, prior to the break in the season and at 
seeding. 

Prescott and Piper [7] have shown that the optimum moisture-content 
for nitrification in Waite-Institute soil is 16-7 per cent. on a wet basis, 
i.e. 20 per cent. of moisture calculated on a dry basis. From the graphs 
(Figs. 2 and 3) it appears that the moisture-content of the soil reaches 
optimum conditions for nitrification just before seeding and again in 
early spring. 

The mean nitrate-nitrogen content of the fallowed soil at seeding for 
four seasons was 8-5 parts per million, as compared with 4:8 parts per 
million for the stubble-ploughed soil. The difference in favour of the 
fallow was therefore 3-7 parts per million of nitrate nitrogen, equivalent 
to 34:4 lb. per acre of nitrogen, or 1} cwt. per acre of sulphate of 
ammonia. At harvest the values for nitrate nitrogen on both types of 
soil are practically the same. 

The graphs show that the fallow soil at seeding has a larger supply of 
available moisture, and particularly of nitrate nitrogen, than the stubble 
soil. After the two soils have produced their crops (December), the 
nitrate- and moisture-contents of both soils are practically identical, the 
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MOISTURE-CONTENT OF SOIL TO DEPTH OF THREE FEET 
WAITE INSTITUTE 


1929 1930 193! 1932 
2 
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Fic. 2. Fluctuations in moisture-content of soil with fallow and stubble-ploughed 
land for four seasons, 1929-32. 


NITRATE-NITROGEN CONTENT OF SOIL TO DEPTH OF THREE FEET 
WAITE INSTITUTE 
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Fic. 3. Fluctuations in nitrate-nitrogen content of soil with fallow and stubble- 
ploughed land for four seasons, 1929-32. 


larger crop on the fallow having removed the extra supply of nitrate and 
moisture. Further, the graphs indicate that these two factors, are not of 
equal importance, the lack of nitrate in the stubble soil being relatively 
more serious than the lack of moisture. The deficiency in nitrates may 
be made good by the application of nitrogenous manures, but only up 
to the limit of the moisture-supply. The latter will vary, of course, with 
the rainfall of the region. 
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Effect of equivalent quantities of nitrogen in various forms of fertilizers.— 
Investigations were conducted over five seasons to determine the effect 
of equivalent quantities of nitrogen (23-4 lb. nitrogen per acre) as nitrate 
of soda, sulphate of ammonia, nitro-chalk, urea, and diammonium phos- 
phate. Six replicates of each treatment were sown in the form of a ran- 
domized Latin square. A basal dressing of superphosphate was applied 
with the seed at the rate of 288 lb. per acre to all plots except those 
receiving diammonium phosphate. ‘The results for the five seasons are 
summarized in Table 5 :— 
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TABLE 5. Effect of Equivalent Quantities of Nitrogen (23-4 lb. per acre) 
applied in the form of Nitrate of Soda, Sulphate of Ammonia, Nitro-chalk, 
Urea, and Diammonium Phosphate, on the Yield of Wheat (Total Produce 
and Grain) after Pasture or Wheat. Waite Institute, 1928—32 


ToTraL Propuce (cwt. per acre) 


| Wheat fol- 


| Wheat Wheat | Wheat | Wheat | lowing two Mean 
Treatments. after after after after previous Mean increase 
Nitrogen Fertilizer at rate of | pasture wheat | wheat | wheat | crops wheat 1928- due to 
23-4 lb. nitrogen per acre 1928 1929 1930 1931 | 1932 1932 nitrogen 
A. No nitrogen . | 35°7 30°8 38°3 33°08 | 27°20 33°02 aa 
B. Nitrate of soda | 44°4 360°8 50°6 50°94 | 44°74 45°50 12°48 
C. Sulphate of ammonia 42°8 35°3 49°7 49°16 | 36°41 42°67 9°65 
D. Nitro-chalk . 42°4 37°0 48°5 49°90 38°95 43°35 10°33 
E, Urea . : : 42°8 361 47°3 47°13 | 36°68 42°00 8-98 
F} Diammonium phos. 32°0 48°5 43°75 40°49 39°23 6°21 
Grain (bushels per acre) 
A. No nitrogen . 29°35 | 26°35 | 32°01 29°67 22°57 27°99 
B. Nitrate of soda 34°48 | 31°49 | 40°05 | 40°27 31°83 35°62 7°63 
C. Sulphate of ammonia 33°67 29°68 | 39°51 38°63 27°37 49°97 5°78 
D. Nitro-chalk 33°11 30°90 | 38°59 39°33 | 28°68 34°12 6°13 
E. Urea . 33°86 29°65 | 37°29 37°55 27°35 33°14 5°15 
F. Diammonium phos. 25°52 | 26°52 | 38°31 | 33°91 29°85 30°82 2°83 


* Statistical analysis shows that the value of z for treatments is significant. The standard error of 


the difference between these mean values for 1928-32 is 0-81 bushels. 


From the five years’ results we may conclude that: 

(1) Nitrate of soda gives the largest increase. 

(2) There is no significant difference in the increases given by sulphate 

of ammonia, nitro-chalk, and urea; the increase given by these 

three being not so great as that obtained with nitrate of soda. 
(3) Diammonium phosphate gives the smallest increase. 

(4) As the effect of seasonal variation is large, one would expect 

varying results in different seasons. 

The diammonium phosphate was broadcast on the surface after seeding 
in 1928 and before seeding in 1929, and was drilled in with the seed 
for the three seasons 1930-32. ‘The marked depression in yield for the 
first season, 1929, was somewhat unexpected, and led to investigations 
on the relative value of drilling and broadcasting soluble phosphates 


and sulphate of ammonia. ‘The results of these tests [8] showed that with 
both superphosphate and diammonium phosphate the yield of wheat 
was increased considerably by drilling the fertilizer with the seed. With 
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superphosphate, an increased yield of 3:2 bushels per acre was obtained 
by drilling with the seed, as compared with broadcasting the fertilizer 
through the drill on the surface. With diammonium phosphate the 
increased yield due to drilling the fertilizer with the seed as compared 
with broadcasting with the drill on the surface was 3-9 bushels per acre. 
With sulphate of ammonia there was no significant difference between 
drilled and broadcast applications. It was concluded therefore that, to 
obtain best results with diammonium phosphate or with superphosphate, 
the fertilizers should be drilled in with the seed, whereas if sulphate of 
ammonia is used as a supplement to superphosphate, it is immaterial 
whether it is drilled with the seed or broadcast. 

The responses for diammonium phosphate for the seasons 1930, 1931, 
and 1932 give reliable comparisons with other nitrogenous fertilizers, for 
in these three seasons all phosphatic manures were drilled in with the 
seed. For seasons 1928 and 1929 the broadcasting of this fertilizer— 
which contains both phosphate and nitrogen—placed it at a disadvantage 
as compared with the remaining plots, on which the basal dressing of 
superphosphate was drilled with the seed. 

All plots (except the no-nitrogen control) received equivalent amounts 
of nitrogen (23-4 lb. per acre). All plots, including the controls, received 
an equivalent dressing of phosphoric acid. The differences in yield over 
the no-nitrogen controls measure the efficiency of the various fertilizers 
on an equivalent nitrogen basis. 

The mean increments in yield for equivalent dressings of nitrogen 
(23-4 lb. per acre) for five seasons were as follows: 


Total Produce Grain 
(cwt. per acre) (bush. per acre) 
Nitrate of soda 12°5 7°6 
Nitro-chalk . 10°4 61 
Sulphate of ammonia 9°7 58 


Nitrogen in the form of the readily available nitrate of soda gave the 
highest mean return for the five years, whilst the more slowly available 
urea gave the lowest return. Equivalent amounts of nitrogen in the form 
of sulphate of ammonia and nitro-chalk gave yields intermediate between 
these two. In assessing the values of these yields it must be borne in 
mind that whereas the amount of nitrogen applied per acre was the same, 
the actual quantities of fertilizer needed to supply equivalent weights of 
nitrogen varied considerably. 

The following quantities of the various fertilizers were used to supply 
equivalent quantities of nitrogen: nitrate of soda 150 lb., nitro-chalk 
150 lb., urea 50 lb., sulphate of ammonia 112 lb., diammonium phosphate 
112 lb. per acre. The result of the tests for five seasons shows that the 
standard dressing of sulphate of ammonia at 1 cwt. per acre gave increased 
yields equivalent to approximately 10 cwt. of hay, or 5} bushels of wheat. 
‘The amount of profit per acre from the application is dependent upon 
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the price of the product and the cost of the fertilizer, but even at the 
present low levels for wheat the application is profitable. 

Census studies on wheat receiving and not receiving nitrogen, 1929-32.— 
As the evidence from the census studies was sought along different lines 
in different years, it is not possible to average the results obtained over 
the four years in a concise fashion. 

The technique employed was essentially similar throughout, and con- 
sisted of sampling from a systematized scatter of foot-lengths of drill 
row in each plot to be studied: 18 samples were taken from each replica- 
tion, making 108 samples for each treatment. The positions of the foot- 
lengths were marked with jarrah stakes and numbered pegs, and through- 
out the sampling the foot-length was taken as a unit. 

In Table 6 is shown a group of comparable data for three years. 


TABLE 6. Results of Census Studies on the Growth of Wheat on Fallow 
and Stubble Land, and with and without Nitrogenous Manures. Waite 


No. of No. of — Ear- 
No. of plants No.of tillers bearing 
grains attil- plants at maxi- tillers Final 
sown  lering athar- mumtil- athar- yield in 


| | per stage vesting lering vest bushels 
Season | Treatment | foot per ft. perft. perft. perft. per acre 

1930 | 1. Fallow, no nitrogen . 75 6°5 43°9 21°3 45°6 

| 2. Stubble, no nitrogen 9°3 72 5°6 17°9 29°4 

| 3. Stubble, 2 cwt. sulphate ammonia 

at seeding . 9°3 71 5°6 26°5 13°8 37°2 
1931 | 1. Fallow, no nitrogen . 9°3 6:0 4°7 29°3 15°5 38°7 


2. Stubble, no nitrogen ‘ 


| 3. Stubble, 2 cwt. sulphate ammonia 


| at seeding . 9°3 79 5°5 47°2 17°7 43°6 
1932 1. Fallow, nonitrogen. . . 9°3 6-9 15°8 48°6 
2. Stubble, no nitrogen 93 8-2 27°97 13°3 42°5 
3. Stubble, 2 cwt. sulphate ammonia 
at seeding 9°3 43°3 18-4 53°83 
* Not taken. 


(a) Plant-establishment.—In 1931 and 1932, when the rain prior to 
seeding was fairly heavy, plant-establishment was better on stubble than 
on fallow owing to the better tilth produced on the stubble-ploughed 
land with its admixture of straw and roots. In 1930, when very little 
rain fell prior to seeding, establishment was slightly better on the fallow. 
In 1932, definite evidence was obtained showing that plant-establish- 
ment was better on no-manure plots than on plots receiving fertilizer, 
either sulphate of ammonia or superphosphate, but that the depression 
of the rate of establishment was not large enough to be serious. 

(b) Tillering.—All the figures show that the effect of sulphate of ammonia 
on wheat grown on stubble is to cause a vigorous burst of tillering. Asa 
result nearly twice as many tillers per foot are produced at the stage of 
maximum tillering on plots treated with nitrogen as compared with those 
without nitrogen. ‘This vigorous tillering is almost entirely responsible 
for the increased yield. Naturally-occurring nitrogen in the fallow causes 
a steadier tillering over a longer period, resulting in sturdier tillers more 
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resistant to the onset of drought conditions. This difference may be 
due to a more steady maintenance of the nitrogen level in fallow soil. 
Sulphate of ammonia causes a weaker and sappier type of growth, with 
a smaller proportion of grain to total produce, than in an unmanured 
crop. 

(c) Percentage survival rate of tillers —The percentage survival rate of 
tillers producing ears is lowered by dressings of either sulphate of ammonia 
or of superphosphate, but the evidence appears to show that combined 
dressings of sulphate of ammonia and superphosphate do not lower the 
percentage survival rate. 

If it were not for the lowering of the survival rate we should expect 
much larger increases in yields from nitrogen-treated plots on stubble. 
The mortality among the nitrogen tillers produced on stubble is so much 
higher than among the tillers on the Silow that the final yields are 
brought closer together than one would expect from a study of the number 
of tillers present at the maximum tillering stage. 

(d) Ear-characters—The number of ear-bearing tillers at harvest is 
almost directly related to the yield. Sulphate of ammonia increases the 
length of ear on stubble, though not to the length of the ear on fallow. 
No differences appear to occur in the weight of grain per ear. 

(e) Weed-growth.—Sulphate of ammonia increases the growth of weeds 
as well as that of wheat, and the spring application produced a greater 
proportion of weeds than the corresponding dressing at seeding. 


Summary 


The effect of nitrogenous fertilizers on the growth, development, and 
yield of wheat has been investigated for a period of five years. 

In the field investigations the plot arrangement used throughout the 
five seasons was the randomized Latin-square method. 

The moisture and nitrate-nitrogen contents of the soil were deter- 
mined at periodic intervals, and census studies were made to evaluate the 
various factors contributing to the yield of the crop. 

1. Wheat sown on a well-worked bare fallow gave no response to sul- 
phate of ammonia during seasons in which the rains prior to seeding 
were light (1928-30). Significant increases were, however, obtained 
during seasons in which the rainfall prior to seeding was heavy (1931, 
1932). 

The mean response of fallowed soils to nitrogen for the five seasons 
was not sufficient to be profitable. When the pre-seeding rains were 
light, the mean nitrate-nitrogen content of the soil was found to be high. 
When substantial rains fell prior to seeding, the nitrate-nitrogen content 
of the soil was low. 

2. Wheat sown on land ploughed from natural pasture or after a 
cereal crop gave significant increases in yield over the no-nitrogen con- 
trols. All dressings from } cwt. to 2 cwt. per acre were profitable at 
normal prices for wheat and for sulphate of ammonia. At prevailing 
= for wheat (2s. 6d. per bushel, country station) increases of 3-16 

ushels per acre given by the } cwt. application of sulphate of ammonia, 
and of 5-39 bushels per acre for the 1 cwt. dressing, are both profitable. 
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3. Determinations of moisture and nitrate nitrogen showed that at 
seed-time there was little difference between the moisture-content of 
fallow soil compared with stubble soil, but that larger and more signi- 
ficant differences occurred in the nitrate-nitrogen content. These two 
factors are not of equal importance in a region of liberal winter rainfall, 
as lack of nitrate nitrogen in the stubble soil is relatively more serious 
than lack of moisture. It would follow that the benefits of fallowing lie 
more in the promotion of nitrification and the accumulation of nitrates 
than in the conservation of moisture. 

4. Equivalent quantities of nitrogen applied in various forms over a 
period of five years showed that nitrate of soda gave the largest increases. 
No significant differences occurred between the increases given by sul- 
phate of ammonia, nitro-chalk, and urea, but the increases given by 
diammonium phosphate were definitely lower. 

5. It was Sound that by drilling superphosphate or diammonium 
phosphate with the seed, the yield of wheat was increased by 3-2 and 
3:9 bushels per acre, respectively, as compared with broadcasting the 
fertilizer on the surface. With sulphate of ammonia there was no signi- 
ficant difference between the drilled and the broadcast applications. 

6. Census studies on the growing crop showed that sulphate of 
ammonia (a) slightly depressed the plant-establishment, but not seriously, 
(6) caused a vigorous burst of tillering resulting in a greater number of 
ear-bearing tillers at harvest, (c) increased slightly the length of ear, 
(d) caused a weaker and sappier growth, which lowered the percentage 
survival rate of tillers to form ears, (e) decreased the percentage of grain 
to total produce, and (f) increased the growth of weeds. Naturally- 
occurring nitrogen on fallow caused a more prolonged and steadier 
tillering, resulting in sturdier tillers, the percentage survival rate of 
which was better than with sulphate of ammonia on stubble. 
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SOME ASPECTS OF VIRUS DISEASE IN PLANTS 
J. HENDERSON SMITH 
(Rothamsted Experimental Station) 


It seems beyond reasonable doubt that virus diseases in plants are more 
widespread and more destructive at the present time than they were a 
generation ago. Allowance, of course, has to be made for the greater 
attention now paid to them and for the readier recognition that comes 
from greater knowledge, but pathologists whose experience goes back 
thirty or more years are agreed that there has been a real and considerable 
increase during their working life, and the opinion is general that they 
are still increasing. It is not that virus disease as such is a new thing in 

lants. We have excellent evidence from illustrations of tulips that the 
one we colours, which we now know to be due to virus, were recognized 
and indeed highly valued in the sixteenth century; and towards the end 
of the eighteenth century the agricultural journals of England contain 
many alu to leaf-curl, which was then a serious menace to the 
potato ~~ The records are too fragmentary to establish the fact with 
certainty, but there is a distinct suggestion that there have been periods 
in the past when virus disease was general and serious, at least in certain 
crops, followed by periods when the incidence was, if not less general, 
at least less serious; and that we are now again on the upward curve of a 
wave of increase. 

For the present wave it is not difficult to offer plausible explanations. 
The greater intensity of production and the larger contiguous areas under 
one crop which are now the practice, favour the spread of a disease 
when it gains entrance. The world-wide search for new varieties 
brings with the new plants their own diseases, which escaping to the 
indigenous plants may produce in their new hosts diseases more serious 
than they caused in their native varieties. A long-established virus 
disease rarely kills its host-plant in one season. If it did, it would pro- 
cure its own elimination, unless it had some alternative host which it 
does not kill and in which it can take refuge. The alterations in genetical 
make-up which are now so usual may offer more favourable material 
for virus to work on. By explanations of this kind—and they are at best 
only ad hoc explanations—it is possible to account for the undoubted 
fact that apparently new virus diseases do attack crops which have been 
long cubic. A conspicuous example is the new leaf-curl disease of 
cotton in the Sudan. Eight years ago the disease was unknown. Its 
symptoms are such that it could hardly have been overlooked, had it 
been there, by the competent observers on the spot. Now it is wide- 
spread and doing enormous damage. Where it came from is unknown. 
Its virus is found in the local weeds, but how long it has been present in 
them is not known, nor is it evident why, if it has long been present in the 
weeds, it did not earlier attack the cotton plant. It does not yet occur 
in Egypt, although susceptible and infected weeds are to be found there. 
It is one of the few virus diseases yet known which are transmitted by 
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white fly, and it is at least conceivable that the new invasion of cotton is 
due to a change in habit of that insect. It may be that the disease has 
long been present in the weeds, and was transmitted from weed to weed 
by the fly; but, so long as the insect fed only on the weeds, the cotton was 
not affected. So soon, however, as the insect discovered that it could 
feed on the cotton plant—and it is perhaps significant that the appearance 
of the disease in cotton synchronized with a large extension of the acre- 
age under cotton—the disease would appear. ‘There is evidence that such 
a change of insect habit has occurred in the case of Piesma quadratum, 
which in Germany has recently attacked the sugar-beet crop, and is now 
spreading throughout the country the Krauselkrankheit, of which it is the 
vector. 

It is a common belief among growers that if the preceding crop has 
been severely attacked by virus, a second crop of the same plant on the 
same monk is likely to be also heavily attacked. ‘The belief is probably 
justified, but not because the virus is lying in the soil waiting to attack the 
plant, as is the case with many fungal diseases. Virus disease is not 
commonly carried in the soil. In only one disease, the so-called ‘rosette’ 
of winter wheat in North America, has regular soil-transmission been 
certainly established, and in it the mechanism is still obscure. Occasional 
soil-transmission may indeed occur. After the harvesting of a mosaiced 
tobacco crop, for example, there remain in the ground many infected 
residues, and in them the virus can persist for several months. ‘They are 
a potential menace to a second crop, and probably are a source of actual 
infection in some cases, because it is impossible to plant young seedlings 
in the soil without some injury to the roots. Some injury is essential to 
infection. So far as we know at present, virus cannot infect a wholly 
uninjured plant. One may, for example, cause tobacco seeds to germinate 
and grow in a medium rich in mosaic virus, but they will not take the 
disease unless the roots are injured ; and one may spray mosaic juice upon 
the leaves without effect, if care is taken not to break the hairs. The virus 
of tobacco mosaic is exceptionally long-lived, and few viruses can survive, 
even in plant-residues, during the interval between one crop and the next. 
The usual sources of the carry-over of infection from one season to the 
next are living plants. These may be either new shoots from diseased 
roots left in the ground after harvest, which coming up next season 
supply a reservoir of infection, or they may be perennial weeds, infected 
during the previous year—and they are likely to be numerous near a 
badly infected crop—and a source of infection when they come up again. 

From these reservoirs the virus is carried by insects to the new crop. 
There are certain cases—tobacco mosaic is one—where the breaking of 
the hairs by the simple rubbing of the leaves of an infected plant against 
a healthy is enough to transfer the disease; and there are some, e.g. the 
mosaic of tomato, where the most important mechanism of spread is the 
contaminated fingers of the workmen in the regular operations of culti- 
vation. But this extreme transmissibility is exceptional, and as a rule, 
even in those diseases which can be transmitted by juice, something 
more is required than casual contacts. Under natural conditions the 
spread of virus through a growing crop is almost wholly by the agency 
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of insects. It is true that in a number of diseases, some of them very com- 
mon, the vector is still unknown, e.g. the insect which carries the wide- 
spread X potato virus has not yet been identified. There can, however, 
be little doubt that such a carrier exists. How difficult it may be to dis- 
cover a vector is well illustrated by the case of the ‘yellows’ disease of 
peach-trees. For years the vector has been sought for with the greatest 
care and energy without success until this year, when it has at last been 
shown that the disease is carried by a hopper, which has only one brood 
annually and which, at least in New York State, transmits during only 
one month in the year. 

The insects which function as carriers are overwhelmingly sucking 
insects. There are only three plant virus diseases which are known with 
fair certainty to be transferred by biting insects (such as beetles, grass- 
hoppers, caterpillars). All the rest are transmitted by sucking insects, 
the majority by aphids or leaf-hoppers. In some cases there is a rigidly 
specific relationship between the virus and the vector that can carry it; 
the disease is re ea by one insect only, e.g. ‘curly top’ of sugar-beet 
by Eutettix tenellus, ‘aster yellows’ by Cicadulina sexnotata. In others, 
e.g. ‘streak’ of maize, only two insects are known to carry. But this is not 
the general rule. In a number of instances a disease can be carried by 
three or more different insects, and sometimes one insect can carry 
several diseases. ‘The common green aphid, Myzus persicae, is capable 
of transmitting several of the potato viruses, including leaf-roll, as well 
as those producing break in tulips, tobacco ‘ringspot,’ the mosaics of 
celery, lettuce, cucumber, beans, various crucifers, and other diseases; 
and it shares this inconvenient faculty with Macrosiphum Gei. 

This catholicity raises the question whether in such cases the insect 
is acting merely as a mechanical carrier, conveying on its mouth-parts 
some of the infectious juice and depositing it in the healthy plant, 
possibly in the site where the virus has the best chance of multiplication. 
It may be so, and in one instance (mosaic of cucumbers) some evidence is 
available that it is so. It is difficult, however, to understand why in that 
case the vectors for any one disease should be so few in number. One 
would expect that if one aphid carried mechanically, then quite a number 
should do so equally. This is only rarely the case, and the question can- 
not yet be definitely decided. It is, however, certain that in some cases 
simple mechanical carriage cannot explain the facts. An insect may 
become infective after a very short period of feeding on the diseased 
plant (e.g. one minute in streak of maize), and thereafter is capable of 
infecting a fresh plant daily for several months. If one considers the 
extraordinarily small quantity of juice that can pass in one minute 
through a tube so narrow as an insect’s setae (with a diameter of 0-5 to 
1-0), it is scarcely possible to doubt that multiplication of the virus has 
occurred in the insect’s body. Perhaps in this direction lies the explana- 
tion of the specificity in so many cases. 

It was at one time thought that plant viruses were highly specific in 
their host relationships also; for example, that a virus occurring in a 
solanaceous plant a attack only other Solanaceae. We now know that 


as a general statement this is very far from being true. There are some 
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cases in which a fairly rigid — a is found, but there are many 


instances where it is wholly lacking. ‘The virus of aster ‘yellows’, for 
example, has produced disease in 170 species of plants belonging to 
38 different families; that of the sugar-beet curly top in 300 species 
belonging to 33 different families; and the mosaic of cucumber infects 
many different plants. 

The effects of any one virus in these different hosts may vary over a 
very wide range of symptoms: in one it may produce a mild and simple 
mottle, in another a streak, in a third a severe and perhaps lethal necrosis, 
in a fourth it may produce no visible signs at all, although the plant is 
infected and capable of giving a visible disease to a less tolerant neigh- 
bour. Sometimes it may produce symptoms for only a very short period, 
and then all external signs disappear, and the plant becomes a carrier of 
the virus. As a rule, virus diseases are systemic and spread, often with 
surprising speed, all through the plant from the infected area; but some- 
times there is no general infection and the virus is localized, either at the 
site of inoculation or here and there throughout the plant. 

It is evident, therefore, that the identification of a virus is not so simple 
and straightforward a matter as we might have hoped to find it. Simi- 
larity of symptoms on different hosts does not necessarily mean that the 
viruses producing the symptoms are the same or even closely related, nor 
difference of symptoms that the viruses are different. Even when atten- 
tion is confined to one kind of plant, it is unsafe to conclude that 
identity of symptoms implies identity of virus, because even within the 
same species different varieties may react quite differently to invasion 
by the same virus. This is particularly well seen in the case of the potato 
plant, where the different varieties apparently show a bewilderingly 
different range of symptoms in response to one and the same virus. It 
is not beyond possibility that this extreme diversity may be reduced by 
further analysis, and that much of the discrepancy may be due to the 
simultaneous presence of two or more viruses, only one of which is 
now recognized; but at the present time we are confronted with diversity 
of effects produced by identical causes in different varieties. 

How then are we to classify the viruses we know? ‘There would seem 
to be two main systems of classification possible. We may group 
together similar diseases, disregarding the possibly very different 
characters of the viruses that cause them, or we may group together 
similar viruses, disregarding the possibly very different characters of the 
diseases they cause. By the former method, we should bring together all 
the mosaics into one class, the rosettes into another, the yellows into a 
third, and so on. From the standpoint of the practical man this has many 
advantages. He is mainly interested in the effect produced upon his 
crops and not in the identity of the causal agent. To him a lethal 
necrosis is a much more serious matter than a mild mosaic, and it is of 
relatively little importance that they may be due to the same virus. In 
a similar way it is of secondary importance to the medical practitioner 
that the skin disease lupus is caused by the same bacillus as the lung 
disease of It is not, of course, a matter of com- 


plete indifference to the agriculturist, even from the practical side; for 
3988. 3 
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example, to plant the Up-to-Date potato, which is a perfect carrier of 
certain virus diseases, alongside the President variety, which is suscep- 
tible, is to risk the total loss of the latter crop. But as a method of 
descriptive cataloguing, the classification by diseases is the natural one 
for the grower in the field. 

From the scientific point of view it is wholly unsatisfactory. The 
symptom-picture met with in the field is dependent on a multitude of 
factors, e.g. the soil, the temperature, the light, the environment in 
general, the age of the plant. Moreover, disease as it occurs in nature is 
often due to the simultaneous action not of one virus only, but of two or 
three, each of which singly may produce quite different effects. The 
only sound method is to isolate the individual viruses, determine the 
characters of each for itself, and ascertain the effects produced by each 
under standard conditions, alone and then in combination. When this 
has been done, it will be possible to classify the viruses into groups, the 
members of each of whe resemble one another, in much the same way 
as is now done with bacteria and fungi. It is, however, a much more 
difficult thing to do with viruses than with the larger organisms. We can- 
not grow viruses in cell-free media, we cannot see them, we can detect 
their —— only by the effects they produce in living plants. The 
available criteria are very limited in number. We may perhaps deter- 
mine their relative resistances to chemicals (e.g. acids, alcohol, disin- 
fectants), their longevity, their differing filterabilities; we can ascertain 
their transmissibility by insects, their varying abilities to produce histolo- 
gical changes in the plants they attack, their relations to selected hosts, 
even their serological affinities, and in a number of other ways detect 
differences between them. All this is being done, but we are still far 
from the time when an orderly classification will be possible. Much of 
the work already done must be done again, and may have to be repeated 
again and again as our knowledge increases; for example, it is difficult to 
make certain that we have in hand at any time one virus and one only. 
We know from our experience with bacteria and fungi that these 
organisms are liable to variation, and that there exists in nature a host of 
closely related forms (biological races, strains, or whatever we choose to 
call them). It is the expectation of the present writer that we shall even- 
tually find the same to be true of the viruses of plants; that there are 
strains of one virus which differ perceptibly from one another, that there 
is not a single tobacco mosaic virus or virus of sugar-cane disease, but 
a group of tobacco mosaic or sugar-cane viruses, resembling one another 
more or less closely but recognizably different and perhaps demonstrably 
varying. This will not be easy to prove. The fact of variation was only 
satisfactorily demonstrated in bacteriology and mycology by the use of 
the single-cell technique, and this is at present impossible with viruses. 
Truly there is no lack of opportunity for further fundamental research. 

The precise position in nature of the viruses which cause infectious 
disease is still uncertain, and equally so for the animal as for the plant 
viruses. We know very little of them beyond their power of indefinite 
reproduction, their capacity to produce disease, and their small size (if 
indeed we can properly attribute to them size at all). We know nothing of 
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their intrinsic metabolism. We do not know whether they are organized 
living units or cells, or unorganized toxic or infective principles. We are 
not even sure that the viruses do themselves actively multi * and repro- 
duce directly: it may be that they are produced by the cells which they 
invade, stimulated to this perverted activity by the invading irritant. It 
is difficult to define a virus except by a statement of the things that it is 
not. The old criterion of filterability, which was always more fashionable 
in animal than in plant pathology, has no longer any very precise mean- 
ing. Filters can be made which will stop or pass particles of any given 
size. But the use of filters can give us evidence of the size of the particles 
if we can estimate reliably the size of the filter-pores, and the modern 
technique of preparation gives us collodion filters where this can be done 
with very considerable accuracy. As yet these membranes have been 
little used by plant pathologists, though there is an already satisfactory 
and increasing body of evidence from the animal side. The smallest 
plant virus so far examined by this method, that of tobacco mosaic, has 
a size of about 15yp, the largest about 150up. It seems that the viruses 
range in size from just below the level of microscopic visibility to far 
below that limit, and this has been clearly demonstrated for animal 
viruses. If we assume that the technique gives a measure of the size of the 
actual viruses and not merely of particles to which they are adherent, the 
fact has a bearing on our idea of the nature of a virus. For it is evident 
that there is a continuous scale of descending size, from those agents 
which are within the range of microscopic visibility and are demon- 
strably organisms, through those which are not visible but can be photo- 
graphed and are still apparently organized, to the very small agents 
whose presence can only be demonstrated by their effects. To interrupt 
this scale at any particular point and say that above it the agents are 
organized and living and below it unorganized and non-living seems an 
arbitrary proceeding. Yet there must be a limit of size, below which life 
as we understand it becomes impossible. The descending scale brings 
us down eventually to molecular dimensions. Some of the estimates of 
size, e.g. of bacteriophage, arrived at by physical methods are of this 
order. If they are correct, they are the chief, almost the only, evidence 
against the organized nature of viruses. ‘They are, however, open to 
doubt, and the evidence from filters gives us sizes appreciably above those 
of molecules. On the whole, it seems at present most probable, though 
not by any means certain, that viruses are organized and living: which 
does not mean that they are simply very small bacteria—the enormous 
relative proportions of surface to mass would make that unlikely. 

The differences in varietal susceptibility to which reference has already 
been made, have important consequences in connexion with control. It 
is frequently observed that within the one species some varieties are 
highly susceptible to a particular virus, others are highly resistant, and 
yet again others are susceptible but tolerant, taking the disease but 
suffering from it only in comparatively mild degree. There are also 
occasional instances of varieties which are individually susceptible 
enough and intolerant enough, but which escape extensive and serious 
disease when grown as acrop. This comparative immunity of susceptible 
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stocks has been ascribed in the case of certain raspberry varieties to hard- 
ness of the cuticle rendering them impervious to insect attack; and it is 

uite probable that in other cases other and less obviously mechanical 
p weed nie make the plants distasteful to the vector and in this way limit 
the severity of the infestations. In potatoes, for example, it is known 
that aphids show definite preferences, and with equal opportunities of 
invasion swarm on certain varieties and leave others comparatively un- 
colonized. It has long been known that the capacity of aphids to multiply 
varies greatly with the variety, e.g. in beans. 

Sometimes the tolerance is so pronounced that the presence of the 
virus makes little difference to the commercial value of the crop, e.g. 
there are some potato varieties which are almost wholly infected with 
visible mosaic, but the disease is so mild that they hold their own as good 
commercial stocks in spite of it. Unfortunately this does not happen 
often, and the naturally occurring tolerant or resistant varieties are 
usually of little value to the grower. The attempt is therefore being 
made to combine, by breeding on genetical lines, resistance with high 
yield and so develop varieties which shall be at once commercially pro- 
fitable and disease-resisting. Excellent results have, as is well known, 
been obtained with sugar-cane. This plant is liable to a mosaic, the 
severity of which has been so great as to threaten the extinction of the 
industry in many localities. ‘There are now available, however, stocks of 
cane which give high yield, and are immune, or at least highly resistant 
to, mosaic disease. There is no doubt of the value of these strains, and 
there are probably no important sugar-cane areas where they have not 
been already introduced. There would seem, however, to be some 
question of the non-susceptibility of some at least of these varieties when 
grown in different localities. ‘The writer has seen in Florida a cane 
heavily attacked with mosaic, which came from Louisiana, where it was, 
and continued to be, practically immune; and it is said that some of the 
immune Coimbatore strains are no longer immune when grown in 
northern India. It is, of course, necessary to maintain the purity of such 
strains, if their characters are to be continued; and it is possible that in 
some of these cases accidental crossing has occurred in spite of the 
vegetative method of propagation that is usual. It is also conceivable 
that the immunity is dependent to an unknown extent on climatic or 
other environmental conditions; there is some evidence that under 
certain conditions it is possible to break down the carrier state, so that 
the plant becomes significantly susceptible. The failure in resistance 
may also, and very probably, be due to the presence in the new locality of 
a different strain of virus, and, if so, it will be necessary locally to develop 
races which are immune to the virus predominant in each large area. 
The process of development, however, is laborious, and highly skilled; 
it may take years and 1s apt to be expensive, and up to the present it is 
only the larger-scale industries that have gone far in this direction. For 
some years past there has been in progress in the U.S.A. an extensive 
research, with the object of conferring upon commercial sugar-beet the 
power of withstanding the curly-top disease which, especially in Cali- 
fornia, inflicts devastating injury on the cultivated crop. Some advance 
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has been made, but the work is still in the experimental stage, and it has 
not yet been found possible to issue to the growers strains of beet which 
satisfactorily combine the two desiderata, yield and resistance. In the 
Sudan a strain of cotton highly resistant to leaf-curl and yielding well has 
already been evolved; and in a number of other crops, e.g. groundnuts, 
it is probable that similar results can be attained, if time, money, and skill 
are available. In this direction, so far as can be seen at present, lies the 
most promising solution of the problem of control. 

But it is not the only possible method, and a knowledge of the habits 
of the vector may supply a means of effecting at least a partial control. 
In Gambia, for example, it has been found that the very serious rosette 
disease of groundnuts can be controlled by ensuring that the ground is 
well-covered with vegetation before the seasonal invasion of aphids has 
developed. If this is done, the incidence of the disease can be reduced to 
vanishing point, whereas if the growth is sparse, as much as 73 per cent. 
of the plants may be attacked and the crop ruined. In Germany, again, 
it is claimed that the Krauselkrankheit of sugar-beet has been greatly 
reduced by sowing 2 to 3 weeks in advance of the main crop a marginal 
protective stand of the same plant. This early planting is above the 
ground at the time of the seasonal increase of the Piesma vector, which 
accordingly settles on it in enormous numbers. Immediately before the 
main crop appears, the insect-laden plants are destroyed by burning or 
buried in trenches, and the subsequent infestation of the main crop is 
reduced to tolerable porportions. 

It is not usual for virus diseases to be transmitted through the true 
seed, perhaps because of the anatomical isolation of the developing 
embryo. There are exceptions to the rule; for example, in leguminous 
plants there is regularly some transmission of mosaic by the seed, and 
apparently transmission occasionally occurs among cultivated varieties 
of cucumbers (and possibly other cropsas well), in which it is not common. 
The selection of seed from uninfected plants is an obvious precaution 
comparatively rarely taken. In crops which are propagated vegetatively, 
e.g. potato, again the advantage of using material derived from plants 
which at least looked healthy would seem to be obvious. With potatoes 
it is notoriously difficult to guarantee freedom from virus in the seed, 
even with certification and repeated inspection of the growing crop; and 
the tuber-index system, a kind of advance roguing method, is said to 
improve greatly the results in the U.S.A. Roguing in the field is not 
easy to carry out thoroughly—one does not lightly eliminate 50 per cent. 
or more of a growing crop—but unless thoroughly done, it is likely to be 
ineffective. ‘That it can a successful when carried out with intelligent 
ruthlessness has been shown in the revival of the dying lily industry of 
Bermuda, and it can check the first beginnings of an outbreak which will, 
if neglected, invade a whole crop. 

Amid so many doubts and uncertainties and possibilities, two things 
at least may be said with confidence about virus diseases in plants. 
Firstly, there is scope for much work to be done, work which is important, 
not only from the more fundamental aspects of virus research, but from 
its immediate bearing on the problems of the practical man; and the 
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lines along which that work should develop are fairly clear. Secondly, 
the virus problem is far from being a hopeless pe in the progress 
already made there is every encouragement for the belief that, given 
—— , we shall arrive within a reasonable time at 


results which will justify the labour and thought and outlay they 
may cost. 


(Received Fuly 24, 1933) 
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THE FUTURE DEVELOPMENT OF THE PIG INDUSTRY IN 
GREAT BRITAIN 


K. A. H. MURRAY 
(Agricultural Economics Research Institute, Oxford) 


OnE of the principal aims in the proposals of the Reorganization Com- 
mission for Pigs and Pig Products! is to stabilize the industry and to 
eliminate the periodic fluctuations in production and price, which are 
considered wasteful and uneconomic. To this end, an attempt is to be 
made to stabilize the total supply of bacon and hams, imports are to be 
regulated quantitatively, and home-production is to develop under an 
annual contract system with guaranteed prices based on costs of pro- 
duction. 

The production of pork, which now amounts to 75 per cent. of the 
total British production of _ is disregarded; it is hoped that the 
stabilization of bacon supplies will encourage the steady production of 
bacon pigs both at home and, ultimately, in bacon-exporting countries, 
and may lead to a general diminution of the cycle of supplies and prices 
of pigmeat. 

In addition to providing for a fixed total supply, the scheme sets out to 
increase home-production and, as this is achieved, to reduce imports by 
means of reduced foreign quotas; Empire supplies, which at present 
account for about 4 per cent. of the imports, are not subject to quanti- 
tative regulation, save in Canada, where a far distant maximum has been 
set.2 To obtain the desired increase in home-production, minimum 
prices are to be prescribed according to a cost-of-production formula, 
and profits over and above costs are to be arrived at by collective bar- 
gaining. 

The situation rests in the hands of the body which determines the 
volume of imports; it may be argued that, according to the scheme, the 
domestic production determines the volume of imports, but subject 
to certain qualifications, this is putting the cart before the horse. ‘The 
volume of home-production is determined by the price, and to increase 
home-production above the level of the past years, prices must be raised 
above the level of the last few years, and for this there must be some 
limitation of imports. Limitation of imports must therefore precede an 
increase in home-production. 

There is, however, one way out of the difficulty, namely, to increase 
the efficiency of home-production. To the extent that this was achieved, 
it would be possible to increase home-production without raising prices. 

The cost-of-production formula, recommended by the Reorgan- 
ization Commission, obviously includes this solution; it is based on 

1 Report of the Reorganization Commission for Pigs and Pig Products, Economic 
Series No. 37, Ministry of Agriculture and Fisheries, 1932. 

2 Under the terms of the Ottawa Agreements, any scheme for the quantitative 
regulation of imports of bacon and hams must make provision for the free entry of 


Canadian bacon and hams of good quality up to a maximum of 2,500,000 cwt. per 
annum. The average annual Canadian supplies for 1929-31 were 201,000 cwt. 
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standards of efficiency that are not reached by even a small proportion 
of pig-breeders and feeders in this country. It has over-estimated the 
average number of pigs weaned per sow per annum, adopted the number 
of pigs weaned rather than the number marketed, and under-estimated 
the meal requirements per pound of live-weight increase.! 

The under-estimation of cost, therefore, leaves it to collective bar- 
gaining to determine not only ‘profits’, but also a considerable portion 
of the cost of production. ‘This element of profit and cost is therefore 
dependent on the extent to which imports are restricted. It becomes 
evident that the Reorganization Commission, as its schemes stand at 
present, with import quotas dependent on the extent of home-produc- 
tion, is relying on increased efficiency, and not on increased prices, to 
bring about an expansion of the home industry. 

A study of the price relationships in the pig industry during the last 
ten years or so brings out that this attitude was the only possible one. 
Without an improvement in the present standards of efficiency, the 
expansion of the industry would necessitate a rise in price which the 
consumer and his representatives would not tolerate, and which would 
result in a marked falling off in consumption. 


TABLE I 
Possible Expansion of Bacon Production with Four-monthly 10 per cent. 
Increases 
Production of bacon Number of pigs Number of sows required 
and hams, required, at 140 lb. (10-8 pigs per sow and 
cut. dead weight 7°5 °« losses) 
Present 1,795,000 1,436,000 143,000 
Ist year 2,178,000 1,742,000 173,000 
2nd year 2,900,000 2,320,000 231,000 
3rd year 3,859,000 3,087,000 307,000 
4th year 5,137,000 4,109,000 409,000 
sth year 6,837,000 5,469,000 544,000 
6th year 9,100,000 7,280,000 725,000 
7th year 12,112,000 9,689,000 964,000 


The present normal British production of bacon and hams is estimated 
by the Commission at 1,795,000 cwt. Assuming bacon pigs at 140 lb. 
dead-weight and the number of pigs marketed per sow to be 10°8 per 
annum,* the number of sows necessary to provide for bacon and hams 
is about 143,000. If there were no obstacles to expansion and if produc- 
tion could be evened out throughout the year, production would be 

ermitted to expand to provide the total subiiend seal of bacon and 
ams, 10,670,000 cwt., some time in the seventh year. The number of 
sows, at present rates of production, would be about 964,000. Taking the 
pork market into consideration, the total sow population required to 
provide the entire pigmeat requirements of thie country would be 
about 1,200,000. 

' See A. W. Menzies-Kitchin, “The Pig Reorganization Commission and Produc- 
tion Costs’, The Farm Economist, April 1933. 

2 The Agricultural Output of England and Wales, 1925, Cmd. 2815, 1927, p. 57. 
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The question next arises as to whether this rate of increase is physio- 
logically possible, even if conditions, such as price and cost relationships, 
were favourable. Owing to their rapid development, early maturity 
and high rate of fecundity, pigs can be increased readily, and it is evident 
that the permitted rate of expansion, four-monthly increases of 10 per 
cent., is not physiologically impossible. 

Calder' estimates that, on the assumption that the number of reared 
pigs per sow per annum should average fourteen, of which seven would 
be gilts, and that normal replacement of culled sows is at the rate of one 
in every twenty females bred, the number of breeding stock could be 
doubled in one year by retaining the best gilts at the rate of one in every 
six produced. Another year after this increase in breeding stock would 
have to elapse before the bacon output was doubled. ‘With a population 
of three million pigs it would thus seem possible to make this country 
self-supporting in respect of its bacon requirements in 2} years from the 
time that expansion in the numbers of breeding stock commenced.’ 
Even allowing for twelve or thirteen pigs weaned per sow per annum, 
the natural rate of increase would make it possible to increase pig num- 
bers at the rate permitted by the proposals. 

The third factor to be considered is the economic one, the margin 
between costs and returns. In order to increase production above its 
past normal level, the margin between returns and costs must be in- 
creased, either by increasing the returns or by cutting costs, in order to 
persuade those already keeping pigs to expend their enterprise and to 
attract others to start. It is safe to assume that those who do not already 
keep pigs must either find the cost too great in relation to normal prices, 
or that some other line of production is more profitable. The proposal 
to guarantee prices based on costs of feeding-stuffs tends to reduce the 
risks in the business and may therefore be considered as a measure 
reducing costs. 

It is the fluctuation in the ratio of returns to costs, the economic 
factor, which has caused the periodic changes in the number of pigs in 
this and in other countries. It has become so regular that it is known as 
the ‘pig cycle’ and has been used as a basis for forecasting. Although 
cycles may also be found in the numbers of many animals living under 
natural conditions, there is no evidence to suggest that the ‘pig cycle’ is 
directly biological in origin. 

The cycle consists of alternating periods of increase and decrease, 
each period averaging about 2 years, making the complete cycle about 
4 years. During the 43 years, 1872-1914, there were nine complete 
cycles averaging 4} years in duration; before 1904 the length of cycle was 
between 5 and 6 years but since then it has tended to shorten. Between 
1921 and 1932 there were three complete cycles averaging only four years. 

The fluctuations have varied considerably (‘Table 2). The largest 


expansion in the number of sows in any one year occurred between 
1926 and 1927, when the increase was 31°5 per cent. Seven times since 
1893, two consecutive annual increases were recorded, and the largest 


' Calder, A., ‘Development of the British Pig Industry’, Pig Breeders’ Annual, 
1932-3. 
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total increase in two years was 47:6 per cent., viz. from 320,453 sows in | 
oe to 473,036 in 1924. The distribution of the annual percentage 
changes is summarized in Table 2. For example, on ten occasions the 
number of sows declined between 10 and 20 per cent., and eight times 
it increased by the same amount. The bulk of the fluctuations ranged 
between —2o per cent. and -++20 per cent. The changes in the numbers 
of other pigs As occurred chiefly within the same limits. 


Distribution of the Annual percentage Changes in the Number of Pigs 
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TABLE 2 


in Great Britain, 1893-1932 


Percentage 
fluctuation 
—20 to —29°9 
—10 to —19°9 
— oto — 99 
to 9°9 
Ioto 
20to 29°9 
30 to) 


| Frequency of changes in the number of 


Sows Other pigs 
I | I 
10 8 
8 9 
8 
8 8 
4 5 
| 
| 39 | 39 


It was stated previously that the cause of these fluctuations is an 
economic one. When pig prices are high relative to costs, production is 


stimulated, though this takes some time to accomplish. Increasing 


production depresses prices and low prices in turn start to check the 
expansion; but again there is a time lag. Decreased production results 
in higher prices, which by causing expansion start the cycle over again. 
The lag in the full response of production to price now appears to be 
about 21 months, though it was somewhat longer in pre-War years; the 
shorter lag is due to earlier maturity, greater fecundity, and the in- 
creased and quicker availability of market information. 
tend to speed up the reaction of production to price. In addition, in- 
creased specialization in pig production would have the same result. 
The most important element in the cost of pig production is feeding- 
stuffs; available estimates suggest that they form between 75 and 95 per 
cent. of the total cost of production. It is not surprising, therefore, to 
find a close relationship between the ratio of pig prices to feeding-stuff 
rices and the subsequent fluctuations in the number and prices of pigs 
in this country. The largest degree of correlation was obtained with a 
lag of 21 months.' The relationship for the last ten years is indicated 


These factors 


1 X, = subsequent price of porkers, X, = monthly ratio of porker prices to 


feeding-stuff prices, 1923-30. 


Lag 


18 months 
20 months 
21 months 
22 months 
23 months 


Correlation coefficient, 
—o'817 
—0o'827 
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by the ratio curve in Fig. 1 (this curve represents a 12-month moving 
average and therefore the values do not exactly correspond with those 
given in Table 3, below). 

The feeding-stuffs used for this calculation were barley meal, coarse 
middlings, maize meal, and oats, weighted according to the Ministry of 
Agriculture’s Report on the Marketing of Pigs,' namely, 11 : 4 : 3:2 
respectively. ‘This does not, of course, represent a balanced ration but 
these weights indicate approximately the importance of these feeding- 
stuffs in pig feeding in this country. The price quotations are ex-mill 


RATIO 


1923 133 19 


Fic. 1. The relationship between the ratio of porker prices to feeding-stuff prices 
(12-month moving average) and the subsequent number of pigs in England and Wales, 
1923-32. 
or ex-store for 2-ton lots or more, and are therefore slightly below the 
cost of purchased feeding-stuffs on the farm, perhaps about 7d. per cwt. 
On the other hand, these price quotations do not cover home-grown 
feeds, for which no transport cost is involved. Further, the use of a 
fixed proportion of feeds does not take into account possible substitution 
of different feeding-stuffs to take advantage of relative cheapness. In 
general, these prices are fairly representative of feeding costs. ‘The 
monthly ratios of porker and baconer prices to feeding-stuff prices were 
obtained by dividing the monthly prices of first-quality baconers and 
porkers, as given in the Agricultural Statistics and the Agricultural 
Market Report, by the cost in the corresponding month of 1 cwt. of 
the above representative feeding-stufts. This ratio gives the number of 
hundredweights of feeding-stuffs that were equal in value to one score 
(20 lb.) of porkeror baconer; or to put it another way, it gives the number of 
times a score of porker or baconer was dearer than 1 cwt. of feed. Over 
the eight years, 1923-9, the price of a score of first-quality porker 
averaged 1-72 times the price of 1 cwt. of feed. The baconer ratio over 
the same period was 1-64. 

As the ratio decreased, that is, as pig prices fell relative to feeding- 
stuff prices, production was discouraged and the subsequent pig popula- 
tion decreased, about 21 months later. For example, the porker ratio 
declined from 1-97 in September 1923 to 1:20 in September 1924, and 


' Report on the Marketing of Pigs in England and Wales, Economic Series No 12, 
Ministry of Agriculture and Fisheries, 1927. 
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the baconer ratio declined from 1-84 to 1-29 (Table 3); the number of 
pigs in England and Wales returned in the June census 21 months later 
declined from 2,724,000 to 2,096,000. By September 1926, the porker 
ratio had risen to 2:28 and the baconer ratio to 2:16; the number of 

igs 21 months later rose to 2,971,000. ‘The numbers of pigs returned 
in the census between 1925 and 1931, together with the porker and 
baconer ratios 21 months earlier, are shown in Table 3. 


TABLE 3 


The Ratio of Fat-Pig Prices to Feeding-Stuff Prices and the Number of 


Pigs in England and Wales, 1923-31 


Ratio, in y month Number of pigs in y+ 21 months 

Date Porkers Baconers Date Number 
Sept. 1923 1°97 1°84 June 1925 2,644,000 
Sept. 1924 1°20 1°29 June 1926 2,200,000 
Sept. 1925 1°80 5°72 June 1927 2,692,000 
Sept. 1926 2°28 2°16 June 1928 2,971,000 
Sept. 1927 1°53 1°36 June 1929 2,366,000 
April 1928* 1°45 1°38 Jan. 1930* 2,153,000 
Sept. 1928 1°52 1°48 June 1930 2,310,000 
Sept. 1929 1°96 1°84 | June 1931 2,778,000 


* In January 1930 an additional census was taken; the ratio 21 months previous 
was that for April 1928. 


The relationship between each of the ratios and the subsequent 
number of pigs during these years is very close, as indicated in Fig. 2, 
and the data may be used as a rough basis of forecasting movements in 
pig numbers. The regression equations obtained are as follows: 

Y = 1,117,698 +815,243X,, and 

Y = 986,250 +935,279X», 
where X, = ratio of the price of a score of first quality porker to the price 
of 1 cwt. of feeding-stuffs in the y month, X, = ratio of the price of a 
score of first quality baconer to the price of 1 cwt. of feeding-stuffs in 
the y month, and Y = number of pigs in England and Wales in the 
y +21 month. Within the limits of the values of X, and_X, in the years 
studied, the relationship appeared to be linear. 

The formulae were used to forecast the number of pigs to be returned 
in the June 1932 census; the estimates from the porker ratio and from 
the baconer ratio for September 1930 were 3,245,000 and 3,091,000 
respectively, the average being 3,168,000. The actual census return was 
3,181,000, the error being 13,000 pigs or 0-4 per cent. 

When it became known that an additional census was to be taken in 
February 1933, for the purposes of the Reorganization scheme, estimates 
were again made from the formulae, using the May 1931 ratios, 21 
months previous. The forecast numbers were 3,066,000 from the porker 
ratio and 2,922,000 from the baconer ratio, averaging 2,994,000. The 
Census return was 2,908,000,' or 3 per cent. less than the forecast. 


' This is the number of pigs returned plus 3 per cent. to make the figures com- 
parable with those of previous years. 
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The estimates for the numbers of pigs in England and Wales for June 
1933 and June 1934, based on these past relationships, are 2,688,000 and 
2,305,000, indicating that the unfavourable ratios during 1931 and 1932 
would cause marked reductions in the pig population. 

In considering these estimates, it is well to bear in mind that this 
relationship is not necessarily permanent, and that the amount of change 
in the number of pigs brought about by a unit change in the ratio may not 
remain constant. If the efficiency of production were increased and costs 
reduced, as they might well be in a reorganized industry in which risks 
were reduced and guarantees given, a proportionately greater change 
in the number of pigs might result from a unit change in the ratio; in 
the formulae the regression coefficients might be increased as a result of 
increased efficiency and the constants might be raised. At the present 
time the hopes, which have been raised by various announcements of 
policy, of obtaining higher prices may have interrupted the normal course 
of the above relationship, in which case the forecasts may be forestalled, 
and the decline postponed. 

With the present standards of efficiency in the pig industry, these 
formulae can give a rough approximation of the price conditions neces- 
sary to increase the numbers of pigs in this country. Here again it is 
assumed that for the purposes of extrapolation the relationship is linear. 
In the past a porker ratio of 2-31, or a baconer ratio of 2:15, has been 
necessary to raise the pig population of England and Wales to 3,000,000; 
that is, the price of a score of porker has had to be 2-31 times, and the 
price of a score of baconer 2:15 times, the price of 1 cwt. of feeding- 
stuffs. It is evident that, unless an increase in efficiency is achieved, 
there would have to be a very considerable rise in the ratios before the 
pig population could reach, say, 4,000,000 (Fig. 2); the price of a score 
of pig would have to be more than 3 times the price of 1 cwt. of feed to 
achieve this. A pig population of 4,000,000 in England and Wales, 
after allowing for the pork market, would result in just about 3} million 
pigs a year from Great Britain for the bacon market, assuming present 
standards of efficiency. 

It is well known that such a considerable rise in prices would not be 
acceptable to the consumers in Great Britain, and it is obvious from the 
Reorganization Commission’s report that the proposals for the limitation 
of imports cannot be relied upon to any great extent for the raising of 
prices. 

The alternative means of increasing home-production, failing a 
raising of pig prices above the average level of the past few years, is to 
bring about an increase in production efficiency. ‘The measures proposed 
in the Report for this purpose are therefore the most essential part of 
any scheme designed to develop the pig industry of this country. ‘The 
average pig population of England and Wales from 1925 to 1931 was 
2,518,000; for this level, the average porker and baconer ratios were 
1-72 and 1-64. If, over a period of years, a larger population could be 
achieved from the same price ratios, then it would be safe to assume that 
this increase would be the result of increased efficiency. Suppose the 
population could be raised to 3,000,000 pigs for ratios of 1°72 and 1°64, 
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instead of for ratios of 2:31 and 2-15 (Fig. 2), this could be estimated } 
as a general increase in feeding efficiency of between 23 and 25 per cent. | 
To raise the pig population to 3,500,000 without raising the level of | 


prices would necessitate something like a 41 per cent. increase in 
efficiency. 

The expansion of the pig industry depends on the extent to which 
the general efficiency of production and marketing is improved. Stan- 


3500000 Population Pig | 
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3,000,000 1926 3,000,000 | | 1926 
1929 @ 
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3.009000 4 
Z | 
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Pig Prices to Feeding Stuff Prices 


Fic. 2. The relationship of the ratio of porker and baconer prices to feeding-stuff 
prices and the numbers of pigs in England and Wales 21 months later. 


dardization of quality and type, eradication of disease, improved manage- 
ment, pig recording, litter-testing, and regularization of production, 
are the remedies which lie immediately in the hands of the producers. 
Of these, an increase in feeding efficiency appears to offer the greatest 
possibilities. It is probable that at the present time some 5-6 Ib. of meal 
are required in practice to produce 1 lb. live-weight increase. The 
cost-of-production formula of the Reorganization Commission envisages 
an increased efficiency to the extent that only 4-2 lb. would be required 
per 1 lb. live-weight increase. Experimental work in this country and 
abroad indicates that this al § can be exceeded with ease and that 
about 3°5 lb. of meal per 1 lb. live-weight increase is commercially 
possible. This, of course, involves not only better management but 
also better breeding. 


(Received May 10, 1933) 
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GRASSLAND MANAGEMENT AND ITS INFLUENCE 
ON THE SWARD 


Pt. UI, THE MANAGEMENT OF A ‘GRASSY’ SWARD AND 
ITS EFFECTS 


MARTIN G. JONES 
(UI. C. I. Agricultural Research Station, Jealott’s Hill, Berks.) 
WITH PLATES 12-15 


THE method for changing the botanical composition of a sward by the 
management of the stock, as described in a previous paper [1], was 
extended in its application to include not only a differentiation in the 
proportion of grass to clover, but also the dominance of one species of 
grass over another as well as the relative abundance of one species 
of clover to another. 

Starting with a uniform sward, the stocking was arranged to increase 
the abundance of rye-grass as opposed to cocksfoot in some plots, and 
in others the cocksfoot was encouraged at the expense of the rye-grass 
(Experiment B)'. The same sward was also used for varying the relative 
proportion of wild white clover and Montgomery red clover to one 
another (Experiment C). 

Experiment B. This experiment was conducted on lines somewhat 
similar to those of Experiment A, plots 1 and 5 in each being managed 
in such a way as to encourage the clover, whilst plots 4 and 8 were 
destined to determine the ill effects of over-grazing in winter and spring 
and under-grazing in summer and autumn. 

The management of plots 2 and 3 in Experiment B was designed to 
see whether one of them (plot 2) could be made rye-grass-dominant and 
the other (plot 3) cocksfoot-dominant; and similarly with ay 6 and 7 
respectively. Various small sub-plots were fenced off within the main 
plots, so as to see by trial and error what treatment, and its precise date, 
would be most effective in each direction; but the main procedure was 
as follows: 

As rye-grass was found to commence ‘active growth”? earlier in spring 
than cocksfoot, and as each species is highly susceptible to the weaken- 
ing effect of defoliation at that critical time, the rye-grass-designate plot 
was rested from stock for the earlier part of the critical time, to strengthen 
the rye-grass, and was afterwards grazed fairly hard (when cocksfoot 
would be starting active growth). On the other hand, the cocksfoot- 
designate plot was grazed during the earlier part of the spring to weaken 
the rye-grass, and was then rested for the cocksfoot to strengthen itself. 


' For ease of reference the experiment described in the previous paper will hence- 
forth be referred to as Experiment A, and those described in the present paper as 
Experiments B and C. 

2 This means an increase in the whole plant, as opposed to a mere ‘transference 
growth’—distinguished by the extra light green in the leaf—which sacrifices root for 
shoot and can occur even in winter. 
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The seeds-mixture which had been sown down in 1929 consisted of 
the following: 


Perennial rye-grass (Kentish Indigenous) . . 14 |b. per acre. 
Wild white clover (Kentish Indigenous) . 2 = 


The sward was grown under the same conditions as those referred 
to in the previous paper (Experiment A); being sown in the same field 
and on the same day and treated in the same way during the first harvest 
year, i.e. it was mown for hay and the aftermath was grazed. As in the 
previous experiment, an area of one acre was fenced off and divided into 
eight plots, the first four plots receiving both nitrogenous and phos- 
phatic manures, and the other four plots phosphate only. 

When the experiment was started, the contrast in clover-content 
between this sward (Experiment B) and that described in the previous 
paper (Experiment A) was very marked, although both seeds-mixtures 
contained the same quantity of wild white clover (2 lb. per acre) from 
the same stock of seed. ‘Thesward in Experiment A had a high proportion 
of white clover, but scarcely any white clover was visible in that of Experi- 
ment B. This was due to the cocksfoot and red clover producing such 
a tall and dense growth that it checked the low-growing white clover both 
in the hay crop and in the aftermath of the first harvest year. By the 
second harvest year, when the experiment proper began, the red clover! 
had very largely died off, leaving the sward almost devoid of any legu- 
minous herbage. 

Such a sward was purposely selected in order to compare it with the 
clovery sward (Experiment A), and to see to what extent and how quickly 
management could alter it and override the influence of the seeds- 
mixture on the resultant sward. Plots 1 and 4 in the nitrogen area, and 
the corresponding plots 5 and 8 respectively in the no-nitrogen area, 
were therefore managed on essentially the same lines as the plots bear- 
ing the identical numbers in Experiment A. 

The progress of the experiment from the botanical point of view may 
be seen from the data in Tables 1, 2, 3, and the photographs in Plates 
12-14. 

Yi “a heavy grazing, particularly in the spring, of plots 1 and 5 kept 
the grasses in check, and the wild white clover not only made its appear- 
ance but also spread very rapidly, so that by the first autumn it dominated 
the plot in appearance, and by the second autumn it made an actually 
bigger contribution than the grasses (57-5 per cent. in plot 1 and 61-9 
per cent. in plot 5). 

Treatment of Plots 2, 3, 6, and 7 in 1931.—Plots 2, 3, 6, and 7, on the 
other hand, were not kept so closely grazed, with the object of increasing 
one or other of the grasses, rye-grass or cocksfoot, and, as the photo- 


! The Montgomery strain of red clover has at various times been shown to be less 
persistent in the east of England than in the west. 
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graphs and Tables show, the white clover was kept very much in check, 
particularly on the nitrogen plots (2 and 3), where the grasses made 
such luxuriant growth. 

In 1931, plot 2 was rested during March and the first half of April, 
and from then onwards was grazed. A small sub-plot, however, showed 
that where the date of grazing was postponed for a fortnight and the 
stocking was correspondingly heavier at that period, the rye-grass 
showed up to better advantage against the cocksfoot. That procedure 
was adopted on plot 6, as there was no appreciable growth, where the 
nitrogen dressing had been omitted, until the season was somewhat 
advanced. 

The stocking of plots 2 and 3 had been alike in 1931 until the beginning 
of March (when the fences were erected), but during the whole of March 
and the first half of April, plot 3 in that year was grazed almost con- 
tinuously. When the cocksfoot was just beginning to show signs of 
active growth at the middle of April, the stock were removed and the 
plot given a complete rest for a month. By that time it was evident that 
the cocksfoot was getting the upper hand; the rye-grass plants, having 
been weakened from the early grazing, were now unable to stand up to 
the competition of the more rapidly-growing cocksfoot, which apparently 
had not suffered to nearly the same extent from that early grazing. 

From the middle of May onwards, both plots were grazed in a very 
similar way (rotationally), but with a tendency to undergrazing, a fair 
growth being left over in the autumn. Nevertheless, the cocksfoot on 
plot 3 remained more vigorous throughout the year. 

Plots 6 and 7 were treated similarly to plots 2 and 3 respectively, 
except that the stock were turned over from plot 7 to plot 6 a fortnight 
later in the spring. The growth of grass, however, on these no-nitrogen 
plots was ot in density throughout the season, as compared with the 
manured plots, and thus, even though the height of grass, as controlled 
by the grazing, was maintained at somewhat similar levels, the clover 
plants on the no-nitrogen plots were subjected to much less competition. 

Treatment of Plots 2, 3, 6, and 7 in 1932.—During the autumn and 
— of 1931-2, all four plots were grazed periodically, but never very 
closely. 

The rye-grass plots (2 and 6) were, however, subjected to the heavier 
stocking from November to January, and were then almost completely 
rested until the middle of April, when the summer stocking was again 
commenced. The effect of the early winter grazing (November to 
January) was to weaken the cocksfoot more than the rye-grass, the stored 
nutrients in the cocksfoot plants being drawn upon fairly heavily, whilst 
the rest, or extra-light grazing, during February, March, and early April 
favoured the rye-grass in its early growth more than the cocksfoot. 

On the other hand, the cocksfoot plots (3 and 7) were grazed mainly 
during February, March, and early April. By this arrangement the 
chiens plants were not drawn upon much until the end of January, 


thus conserving their reserves, with the result that the plots showed to 
good advantage during the cold weather of February and March. More- 
over, the rye-grass plants, already weakened from competition with the 
3988-3 
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cocksfoot in the previous year, were preferred and selected by the sheep 
from mid-March to mid-April, and thus were further weakened at a 
critical period. 

From the middle of April onwards, the treatment of the above four 
plots was very similar to that of the preceding year: the rye-grass plots 
were grazed from the middle of April onwards, whilst the cocksfoot 
plots were rested from mid-April to mid-May! and then grazed, but 
rather more leniently than the rye-grass plots. 

The effectiveness of the above treatments is shown by the striking 
way in which the balance of these two species changed during the course 
of one year and was still further changed in the second year, as shown in 
Fig. 1. The rye-grass increased so that it not only compared with the 
cocksfoot but actually exceeded it on plots 2 and 6, whereas on plots 
3 and 7 the rye-grass dwindled until it contributed only an eighth as 
much as the cocksfoot. 

NOV. AUG. SEPT NOV AUG. SEPT NOV. AUG. SEPT. AUG. SEPT. 


WA 


Ryegrass Favoured CocksFoot Favoured Hard-grazed in Spring __ Hard-grazed in Spring 
(average for plots 2&6) (average For plots 3 & 7) and and Auzume 

Ryegrass Cocksfect (average For plots 1&5) (average for plots 4 & 8) 


Fic. 1. The varying proportions of rye-grass to cocksfoot in Experiment B. 


The relative behaviour of rye-grass and cocksfoot on the remaining 
four plots of this experiment sheds further light on the characteristics 
of these two species. In the clovery plots (1 and 5), the rye-grass stood 
up to the heavy grazing, particularly the spring grazing, much better 
than the cocksfoot: by the end of the Bioich y grazing season (September 
1932) the amount of rye-grass was more than double that of the cocksfoot 
(see Fig. 1). The cocksfoot on the other hand benefited more than the 
rye-grass from the light grazing in the autumn, its contribution to 
the total of these two species increasing from 42 per cent. in August to 
60 per cent. in September. In this connexion it is interesting to quote 
what Kénekamp and Koénig [3] found when comparing the influence of 
‘mowing’ and ‘grazing’ on the botanical composition of a permanent 
grassland area under varying conditions of artificial watering and nitro- 
genous manuring: “The differences in the sward on the mown and 


! Owing to their vigorous condition, following protection last year, the cocksfoot 
plants have shown signs of active growth a fortnight earlier this year. 

2 Evidence from the sub-plots in 1931 showed that rye-grass could stand up to 
frequent and close grazing better than cocksfoot. 
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grazed areas were more pronounced than those caused by manuring 
and watering. Regardless of whether conditions of high nitrogen and 
rainfall were maintained or not, the mown grassland became typical of 
a cocksfoot meadow and the grazed sward of a rye-grass pasture.’ 

The bottom grasses and weeds.—The rough-stalked meadow-grass and 
crested dogstail made very small contributions, though the sward was 
in its third harvest year, but a feature of their behaviour, along with that 
of bent grass, was that the treatment under which they were most favoured 
was that of overgrazing in the winter and early spring and undergrazing 
during the summer and autumn: the very same conditions as gave the 
maximum incursion of thistles, both in this experiment (see also Plate 12, 
plots 4 and 8), where the sward was grassy at the commencement, and in 
Experiment A, where the sward was full of clover at the start. 

Yorkshire Fog, on the other hand, was favoured under the same condi- 
tions as cocksfoot. This helps to explain why this weed-grass is so preva- 
lent in fields regularly put up for hay after a spring grazing, and why it 
is not so prominent in the pastures, 1.e. where the grazing is continuous, 
and only near the end of May does the bulk of fodder become sufficiently 
plentiful for the discriminating animal to avoid it. 

In view of the encouragement given to the perennial rye-grass by the 
one method of management and to cocksfoot and Yorkshire Fog by the 
other method, it is interesting to note that in 1888 Dr. Fream [4] col- 
lected samples of pastures reputed to be the best in the British Isles; 
he obtained clods measuring 2 <1 ft. and g in. thick from each type of 
pasture and — them in clean soil with paths to separate them. He 
found that there was a very high proportion of rye-grass in practically 
all of them and a fair proportion of white clover too. Criticizing the 
reliability of this single-clod system and the cutting of some of the roots, 
as the clods were not more than 9g in. deep, Carruthers [5] in the follow- 
ing year selected out of that list a number of the pastures showing the 
highest proportion of rye-grass, and set out to verify Fream’s results on 
a larger scale and in their ‘undisturbed natural habitat’. So he fenced 
in with the hurdles areas of about 16 sq. yds. early in the year and 
visited them during June and July when the plants were in flower, so 
as to make a botanical note of the species present and to decide on times 
of cutting at the hay stage for subsequent botanical analysis on a weight 
basis. The results Carruthers obtained were most contrary to those 
obtained by Fream, the rye-grass in all cases having been reduced to a 
very small proportion and its place taken by stronger grasses such as 
cocksfoot, and the weed-grasses, fog and bent, together with many non- 
gramineous weeds. Carruthers does not state the date at which the fencing 
was put up nor the manner of treatment prior to fencing, i.e. whether 
the sward was grazed or not. It is easy to imagine how the two widely 
differing sets of figures might have been the result of management, even 
had the method of sampling in both cases been ideal. The conclusions 
drawn by Carruthers were focused, however, not on the differential 
methods of management but on what he described as ‘the faulty method 
of sampling’. 

It is easy to imagine that the grazing in the spring in many cases would 


sth] 
> 
> 
4 
S 
d 
T 
rt 
e 
O 
O 
of 
it 
)- 
d 
ot 
to 


228 MARTIN G. JONES 


have weakened the rye-grass very considerably, and had the same inten- 
sity of grazing been carried through until June or July the other grasses 
would also have been weakened, and perhaps more so than the rye-grass. 
But what probably happened was that the rye-grasses had been grazed 
hard until the middle of April (early spring), when the hurdles were put 
up to protect Carruthers’ experimental areas. This fencing favoured 
unduly the strong-growing summer grasses that were protected from 
defoliation by grazing, and so by competition would depress very materi- 
ally the percentage of both the weakened early-growing rye-grass and 
the prostrate-growing white clover. 

Experiment C. The autumn treatment of the young grassy sward.—This 
experiment was designed to compare the effects of protecting! the sward 
in early autumn and in late autumn under conditions of high manuring 
and of no-manuring. 

The sward selected was from an area similar to that of Experiment B 
(the same seeds-mixture was sown on the same day) which had been 
‘hayed’ the first year and the aftermath grazed, thereafter being grazed 
fairly closely aad | fairly frequently in the second summer (1931) up to 
the start of the experiment on July 20. For the early autumn protection, 
two plots (1 and 2) were enclosed on July 20 and given a month’s complete 
rest before the next grazing, this being followed by a long rest until 
early November when another grazing was taken. For late autumn 
protection, another two plots (3 and 4) alongside were grazed closely 
and frequently until et September, and were then given a month’s 
rest before the final autumn grazing. 

The grazing in each case was done by sheep, a sufficient number being 
put into plot 1 or 3 to eat down the grass in two days. The following 
day the lowe were turned for 1} hours in the morning into plot 2 or 4, 
during the whole of which time they grazed, and were afterwards turned 
back into plot 1 or 3, where they soon lay down chewing their cud—and 
did not graze any more. In the evening they were again turned into 
plot 2 or 4 for 1} hours, during which time they grazed, and were after- 
wards returned to plot 1 or 3 overnight. The second day a similar 
procedure was adopted. This method secured the grazing of both plots 
to a similar degree of closeness at the same time, leaving plot 2 or 4 
with practically none of their urine or faeces, whereas plot 1 or 3 had 
received double the ordinary amount of excreta. This procedure was 
followed in each of the subsequent grazings, plots 1 and 2 being treated 
as one unit and plots 3 and 4 as the other. From November onwards 
all four plots were rested until the middle of April, when they were 
again grazed; plot 1 received the droppings corresponding to its own 
grazing as ol as to that of plot 2; plot 3 those corresponding to its 
own grazing and to that of plot 4, and plots 2 and 4 received practically 
no droppings. 

In the middle of May all four plots were again grazed in the same way, 
and they were then put up for hay, being cut in the middle of July. 

Before the hay was cut, 10 quadrats of 1 ft. square were taken from 


' Protection is here used to indicate /enient grazing under careful control, as con- 
trasted with hard uncontrolled grazing. 
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each of the four plots and separated into the various species, each 
individual species being weighed! immediately in the green state; the 
data are shown in Table 4. (Photographs of typical quadrats of plots 1 
and 2 at flowering time are shown in Plate 14, the A quadrat being taken 
from plot 1 and the C quadrat from plot 3.) 

Influence of droppings —Though the hay crop from each plot was not 
weighed, the evidence from observation, supported by the weight of 
the produce from the small sample quadrats, was that the crop on plot 1 
was at least double that on plot 2; and similarly the crop on plot 3 was 
double that on plot 4. 

The main interest of the experiment, however, lies in the changes 
brought about by the treatments in the respective proportions of the 
various plants constituting the flora. 

The data show that the influence of the droppings in each case was to 
increase appreciably the proportion of the grasses at the expense of the 
clovers. Thus in plot 1 there was practically no leguminous herbage, 
whereas in plot 2 practically half of it consisted of legumes. Similarly plot 
4 passer ad nearly four times as much leguminous herbage as did plot 3. 

Influence of autumn treatment.—In the previous experiment (B) the 
botanical differences were brought about mainly through varying the 
dates of spring grazing and protection. In this experiment, however, 
the spring treatment was exactly the same for the first pair of plots 
- 1 and 2) as for the second (plots 3 and 4). The differences, as 
shown between the two pairs of plots in the hay crop, must therefore 
have been due to the autumn treatment. The main features of the flora 
at this date, July 1932, were the predominance of cocksfoot in plot 1; 
the relatively high proportion of red clover in plot 2; the dominance of 
perennial rye-grass in plot 3; and the high proportion of white clover 
in plot 4. 

After the hay crop was removed, plots 1 and 2 were subjected in 1932 
to the same treatment as the previous year, whilst plots 3 and 4 received 
practically no rest before September. 

The changes brought about in 1931 were further intensified during 
the autumn of 1932, as shown by the photographs in Plate 13, the cocks- 
foot becoming completely dominant in plot 1; red clover being still 
further enhanced in plot 2; perennial rye-grass getting complete ascen- 
dancy in plot 3 and wild white clover in plot 4. 

Discussion of Experiment C.—The results obtained in this experiment 
show how when cocksfoot is rested in the early autumn it grows so 
quickly and with such dense leafage that it tends to overshadow all other 
species. When, however, the protection is deferred until late autumn, 
the cocksfoot is not able to stand up to the autumn grazing so well as 
the rye-grass. Further, it would appear that the late autumn rest was 
too late Foe the cocksfoot to benefit appreciably from it, whereas the rye- 
grass, though growing at a slower rate during the early autumn, con- 
tinued to make active growth much later into the autumn and so was 
able to profit far more than the cocksfoot during the late autumn 


' This was done more with a view to getting the relative contribution of the species 
than their actual contribution per acre. 


S 

1 

t 

1 

l 


230 MARTIN G. JONES 


protection. Each of these two methods has its counterpart in practical 
farming. 

In the one case the practice of carting farmyard manure on to the land 
immediately after the hay is removed gives the cocksfoot the necessary 
protection from the grazing animal and also extra plant-food during this 
active growth when leaf-development is very active, with the result that 
such treated hay-fields soon become dominated by this tall-growing 
grass. 

In other districts, such as the Romney Marsh, the rye-grass is found 
to occupy the sward to the exclusion of. cocksfoot. ‘These pastures get 
hard grazing throughout the summer and early autumn with the conse- 
quent direct return in animal droppings. Furthermore, the best of these 
Marsh pastures get a complete rest during September so that they pro- 
duce ‘fair cover on the ground’ for the fattening tegs in winter, the ewe 
flock being generally drafted to the ‘dry land’ at the beginning of 
September. 

The position in regard to the clover in this experiment is that where 
the droppings have been removed, the grasses have always done com- 
paratively poorly, thus allowing the clover to gain a foothold. When this 
so-called encouragement to the leguminous constituent of the sward is 
given early enough in the autumn to benefit the more erect-growing red 
clover, this constituent tends to check the prostrate white clover, as 
seen in plot 2. When, however, the rest given is too late for the red 
clover to benefit from it, the white clover in the following season will 
suffer little competition either from the erect early grasses or from the 
erect red clover. 

The results of this experiment, together with those experiments on 
spring protection previously described, explain why perennial rye-grzss 
and wild white clover are so often found in association, whilst red clover 
is more often found with such grasses as cocksfoot and timothy. 


Creeping Plants 

At this stage it may be asked, ‘How can such spot-bound plants, 
like perennial rye-grass, cocksfoot, and red clover, spread ?’ 

The answer is given by the plants whose photographs appear in 
Plate 15, which shows fe of these plants propagating vegetatively as 
found under the grazing conditions on the A wre referred to. 

The perennial rye-grass (Kentish Indigenous strain) was found to be 
multiplying profusely by this method during the autumn months. 
Photograph No. 14 in the plate shows a typical plant, the part on the left 
representing the original plant with the stem still intact, which was 
originally erect, and carrying several plantlets at the lower nodes. ‘The 
plantlets struck roots whilst still in the air and eventually, when trodden 
down, they became established in the soil as a cluster (shown in the 
right half of the photograph). 

Similarly with the cocksfoot plant in No. 15, the original plant is 
represented by the right half whilst two plantlets with their own roots 
ra in the left half) have been struck at the lower nodes of the stem. 


As shown in photograph No. 16, red clover also struck new plants even 
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when no actual cuttings were made, the plantlets formed at the nodes 
being merely trodden down. 

The capacity to spread exhibited by rye-grass, cocksfoot, and red 
clover was pela under field conditions and no doubt would occur 
to a fair extent in practice, were it not that the grazing animal finds these 
plantlets very palatable, and prevents them from getting an opportunity 
to establish themselves. 

Photograph No. 1g is of scientific interest in that it shows that this 
phenomenon of striking new plantlets is merely a form of branching that 
may occur at any node; here it is shown occurring in bent grass at one 
of the nodes of the panicle, as opposed to those shown in photograph 
No. 17 occurring at the nodes of the creeping stems. 


Summary 


In continuation of the work described in the previous papers of this 
series, the experiments described in this paper show that by controlling 
the grazing animal it has been possible to bring about extremely wide 
variations in the botanical composition of the sward. In the first of the 
two experiments advantage was taken of the differential periods of break- 
ing forth into active growth in spring by the various components of the 
sward—perennial rye-grass being the earliest, cocksfoot second, and 
wild white clover last. The rye-grass was encouraged by resting the 
sward in early spring, thereby assisting the species itself to gain strength 
during its critical period, this being followed by grazing at a later period, 
which would be the critical period for its most important competitor, 
cocksfoot. For encouraging the cocksfoot, the periods of grazing and 
resting were reversed in the spring, so that the sward was rested when 
this species was making its first strenuous effort and that after a weakening 
of its earlier competitor. The wild white clover (as described in the 
previous paper) was again favoured by keeping in check its earlier and 
taller growing competitors. 

In the second experiment the autumnal habits of the plants were 
considered. Both rye-grass and cocksfoot were nadine by protec- 
tion from the grazing animal in the early autumn to a greater degree than 
by a similar protection in late autumn. The cocksfoot benefited more 
than the rye-grass during the earlier period of rest, but the rye-grass 
was the most favoured by the later period of autumn rest. 

In this experiment too the influence of the lack of return of the animal 
droppings to the sward was shown in the much reduced yield of crop 
and the concomitant higher proportion of clovers, the wild white clover 
being most in evidence where the grasses were least vigorous (late autumn 
rest), and the Montgomery red clover most favoured by the early autumn 
rest. 

The persistence of the Montgomery red clover under these conditions 
deserves special note as it contributed as much as 19-6 per cent. to the 
hay crop, even though it was in its fourth harvest year, whereas under 
the usual farm practice in this particular district it contributes only a 
negligible amount after the first harvest year. 


wat 

4 
i 
| 
| 


232 MARTIN G. JONES 


Acknowledgements 


My thanks are due to Mr. H. J. Page, Sir Frederick Keeble, Lt.-Col. 
W. R. Peel, and Prof. R. G. Stapledon for the critical interest they have 
at all times taken in this work. I am also grateful for the help given by 
Mr. J. O. Thomas and Mr. Albert Kiener in the collection of data; 
to Mr. J. Procter for aid with experiments, and to other members of the 
staff at Jealott’s Hill for their assistance in various directions, and to 
Messrs. Imperial Chemical Industries, Ltd., for permission to publish 
this paper. 


REFERENCES 


1. Martin G. Jones, Grassland Management and its Influence on the Sward, 
Pt. II, The Management of a Clovery Sward and its Effects. Empire J. Exp. 
Agric., 1933, 1, 122-8. 

2. Martin G. Jones and J. O. Tuomas, The Estimated Productivity Method of 

Pasture Analysis, Agricultural Progress 1933, 10, 249. 
. A. KONEKAMP and F. Konic, The Influence of Cultural Measures on Grassland 
Herbage, Landw. Jahrb., 1929, 70, No. 1, 61-87. 

4. W. FreaM, The Herbage of Old Grasslands, Royal Agric. Soc. England, 1888, 
Ser. 2, 24. 

5. W. CarruTHERS, The Composition of some of the Famous Ancient Pastures in 
England, Royal Agric. Soc. England, 1890, Ser. 3, 1. 


w 


(Received July 20, 1933) 


e 


ures show the ‘ 


rent dates; the fig 


to the same eight plots at diffe 


Tables 1, 2, and 3 refer 


percentag 
> method [2]. 


‘estimated productivity 


the hotanical analvses were made bv the 


hatanical comnosition’: 


| 


gi oF t.0 1.9 S.oFf.+ 6.2 g 
9-0 S.oFS.1 £.0FS.1 L.EES.ez 9 5 
¥.z S.oFg.z £.0++.0 +9.1g 9-7 +6.01 € 
“Uf “bs 4920] pvissoq SSDAS-mopva SSDAB-INY 101d 
7, dadsjunjd -pay ay PLUM payjvis-ysnoy jomuasag 
= 
< 6.18.9 £.0+S.0 £.1F09 | 1.2 +0.6z 
ant 6.£ v.ott.z Z.0+9.0 0.0 + £.0 L.z+1.0+b 9 $ 
~ 
t.o1 1.0+L4.0 1.0 g-£ $.€ 1.0€ z 
6.0 L.o L.o+o.1 9.2 I 
49201) pvissoq 100fs420/) SSDAB-AAQT 101d 


Aaquianony “1 aay 


ay} MoYs soinsy {soyep sues 9y} 07 pur ‘z ‘1 


ol. 


Empire Fr: 


NITE 


y 
PHOS 


MARTIN G. JONES 


234 


z.£4£.6 
1.0 


59-61 


*b jo yey) uMo sj 0} Surpuodsasi09 ssurddosp ayy paatasar £ 
Jord jo yey) uMO 0} Surpuodsaii09 ssurddoip ay} I 


L.~+z.Sz 
1.0 4-72.00 


4220)') 
M PILM 


paisaayy 


§ 


L.oF 
Z-1+-1-8 


6.1-+-9-£1 


+.€+6-6¢ 


jomuasag 


01d 
£ 301d 
ny 
Old 
1 


Ant quauisadxg ur pavoag ayy fo uoyisoduo, jonuvjog asvjuarsag ayy, 


L.€ z-0 
6.1 £.0 
1.0 
$.$ 
| Pay 


€.2+2.z1 
+ 6.19 
6.1 + 9.6 
$.0+0.z 
8-24 1-9 


4320]') 


zo+f.1 
1.0+%.0 
Z.0+9.0 
1.0+72.0 


7-0 + 8-0 
1.0+$.0 
1.0+-¢.0 


pvissoq 
paisa) 


1.0+$.0 
z-otl.o 
z-o+S.1 
Z-0+0.2 
z-o+L.o 
£.0+9.1 


+ 
6.2 +L.ob 
£.1+9.6 


+.€+9.6S 
+ 1.68 
+ 
z-1+6.01 


c£6r saquajdag J, 


Mo 


101d 


Salas 


ajyeyd 
-soyd 


Ajuo 
ajyeyd 
~soyd 


| 
$3 
~ ~ 
| 
oc 
wa 
| on ma 
mee 
HHHH HHH+ mo 
com 
A te + 


Vol. I, Pl. 12 


EXPERIMENT B (November 4, 1932) 
NITROGEN AND PHOSPHATE SERIES: 1. Clovery sward. 2. Grassy sward, 
Rye-grass, and Cocksfoot. 3. Grassy sward, Cocksfoot dominant. 4. Weedy sward. 
PHOSPHATE ONLY SERIES: 5. Clovery sward. 6. Grassy sward, Rye-grass, and 
Cocksfoot. 7. Grassy sward, Cocksfoot dominant. 8. Weedy sward. 
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EXPERIMENT C 
Combined influence of autumn rest and animal droppings on the botanical composition 
of a sward in its third year. (Photograph, October 31, 1932) 
1. Cocksfoot dominant. 2. Red Clover dominant. 
3. Rye-grass dominant. 4. White Clover dominant. 


(For reference to treatments see Table 4) 
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EXPERIMENT C 
Combined influence of autumn rest and animal droppings on the botanical composition 
of a sward in its third year. (Photograph, June 14, 1932) 
A. Cocksfoot dominant. C. Rye-grass dominant. 


A corresponds to plot 1 in Plate 13, C to plot 3 in Plate 12 
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CREEPING PLANTS 
14. Perennial Rye-grass (Lolium perenne), showing vegetative propagation by runner. 
15. Cocksfoot (Dactylis glomerata), showing vegetative propagation by runner. 
Red Clover (Trifolium pratense), showing vegetative propagation by runner. 
Bent Grass (Agrostis stolonifera), showing runners. 
Bent Grass (Agrostis stolonifera), showing vegetative propagation at lower node of 
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panicle. 
(Photographs, October 31, 1932) 
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THE FORMATION OF LATIN SQUARES FOR USE IN 
FIELD EXPERIMENTS 


F. YATES 
(Rothamsted Experimental Station) 
1. Introduction 


REPLICATION was originally introduced into agricultural field trials with 
the object of securing greater accuracy by distributing the different 
treatments more evenly over the field and so balancing out the fertility 
differences. The estimation of the error to which the results were sub- 
ject did not at first receive much consideration, but with the evolution 
of a logical basis for inductive reasoning it became apparent that wholly 
systematic arrangements of plots in field trials were incapable of furnish- 
ing valid estimates of error, without which it was impossible to draw any 
completely objective conclusions from the results. In order to obtain 
a valid estimate of error it is essential that there shall be some element of 
randomness in the arrangement of the plots, and that any restrictions 
which are imposed for the purpose of eliminating soil heterogeneity shall 
be such that their effects on the reduction of error can be clearly isolated 
by the procedure of the analysis of variance. The simplest type of 
arrangement fulfilling these conditions is that of randomized blocks, 
where the plots are arranged so that every treatment occurs an equal 
number of times in every block, the random element in the arrangement 
being very simply introduced by assignment of the treatments to the 
different plots within each block entirely at random. 

For many experiments randomized block arrangements are eminently 
suitable, being very flexible and capable of a wide variety of applications. 
On the other hand the Latin square, where each treatment occurs once 
and once only in each row and each column, though by no means so 
flexible, may be expected on the average to eliminate soil heterogeneity 
more completely, at any rate when the size of the square is not too large, 
since soil variations in two directions at right angles affect all treatments 
equally. Such elimination is peculiarly attractive in agriculture because 
most agricultural operations are carried out in long strips, and by arrang- 
ing that these strips shall be parallel to one of the sides of the square 
variation from this source is eliminated. 

The value, as a means of eliminating fertility differences, of square 
arrangements of plots, satisfying the conditions of the Latin square, was 
early recognized. When first introduced, however, the importance of an 
unbiased estimate of error was not realized, and the arrangements 
adopted were all systematic, usually of some specially simple type, or 
alternatively of a type which was believed to be capable of removing most 
completely the soil differences ordinarily existing. The term Latin square, 
used by Euler [1] in his study of the enumeration of the different possible 
square arrangements, was introduced into agricultural science to designate 
a square chosen at random out of the totality of these arrangements. 
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Striking practical confirmation of the failure of systematic square 
arrangements to give a valid estimate of error was afforded by the work 
of 'Tedin [2]. He took twelve 5 x 5 Latin-square arrangements, four of 
them systematic, and applied them to data ~- eight uniformity trials 


collected from various sources, which provided in all g1 separate squares { 


of 25 plots. The treatment and error sums of squares were computed for 
each of the arrangements. Since the treatments were dummy the error 
sum of squares (12 degrees of freedom) should on the average be three- 
quarters of the total sum of squares after eliminating rows and columns 
(16 degrees of freedom), and significant divergence from this fraction 
would be an indication of a biased estimate of error. Two of the arrange- 
ments chosen were knight’s move patterns, and these gave an average 
fraction of 0-7720, significantly higher than 0-75, indicating that such 
arrangements are in general more accurate than the average off all random 
arrangements, but appear to be less accurate. This accords with the 
claims advanced for this type of design. The actual amount of the bias 
introduced may best be indicated by the number of times the result may 
be expected to be judged significant on a 5 per cent. basis, this, Tedin 
concludes, being 4:2 times out of 100 in the squares under consideration. 
The data are not extensive enough, however, for this value to be con- 
sidered as at all accurately determined. 

The other pair of systematic arrangements were of the diagonal 
pattern (the second square of Fig. 2 and the same square rotated through 
a right angle). ‘These arrangements are chosen as an example for discus- 
sion in the next section. The particular type of fertility correlation there 
considered does not appear to give rise to any particular bias in the error, 
though there may be an excess of very high and low values. 'Tedin, 
however, reasoning on the proximity or dispersion of similarly treated 
plots, concludes that this pair of arrangements should have a low average 
estimate of error. The actual average value of the fraction of the sum 
of squares allotted to error, 0-7291, supports his conclusion, though the 
difference from 0-75 is not fully significant. There is also some slight 
evidence of an excess of very low values in one of the arrangements. 

In contradistinction to the two systematic arrangements tested, the 
distribution of z in the eight Latin squares (728 values) compared 
excellently with expectation. 


2. Conditions for an Unbiased Estimate of Error 


The element of randomization may be introduced into Latin-square 
arrangements by making a selection of one square from a whole set of 
squares. It remains to consider what particular types of set will give an 
estimate of error which is unbiased when averaged over all the squares 
of the set. 

The z distribution, on which the tests of significance depend, is estab- 
lished in the first place on the assumption that the yields are an uncor- 
related sample from a normally distributed population. (The word 
sample here implies the whole set of yields that go to form a single 
experiment.) It requires an infinity of experiments to generate the dis- 
tribution of the statistic z. 
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The procedure of the analysis of variance enables correlations between 
whole rows and columns to be eliminated. The z distribution will still 
hold, whatever the Latin-square arrangement adopted, if the residuals 
(i.e. the remainders after deducting from each plot the general mean 


_and the deviations from the general mean of the means of the row and 


column in which it occurs) form a sample from a normal population 
without any correlations except those introduced by the conditions that 
the sum of the residuals of each row and each column is necessarily zero. 

Actually the assumption of no correlation between the residuals of 
neighbouring plots is unjustified. A complex and unknown system of 
correlations must be assumed, these correlations being what is left of the 
inherent correlations between neighbouring plots after the removal of 
row and column effects. As an example we may consider a system of 
experiments in which the fertility of the land is distributed in strips run- 
ning diagonally across the lay-out of the square. In this case there will 
be a positive correlation between the residuals of the plots lying on the 
system of parallels crossing the square in this direction, i.e. between 
the plots bearing the same number in Fig. 1. In the limiting case, when 
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the correlations are perfect, the residuals of all plots bearing the same 
number will be equal in every sample, and since the sums of the residuals 
of every row and column are zero the residuals of plots 1 will equal the 
residuals of plots 7, &c. 

If in this example a Latin square of the pattern shown in Fig. 2 be 
chosen as the experimental lay-out in the series of experiments, it is clear 
that the treatment sum of squares will tend to be too large and the error 
sum of squares too small, and in the limiting case where the correlation 
is perfect, the error sum of squares will always be zero and consequently 
z will always be infinite. Conversely, if the arrangement chosen be that of 
Fig. 2, but turned through a right angle, the treatment sum of squares 
will tend to be too small, and in the limiting case it will always be zero, 
and z will be negatively infinite. 

This example provides a simple illustration of how, given a certain 
system of correlations between the residuals, the use of a single Latin 
square will give estimates of error which are biased. If, however, a suit- 
ably chosen set of Latin squares is used, such bias in the estimate of error 
can be entirely eliminated. 

The simplest set of squares which will eliminate the bias in the esti- 
mate of error, whatever the system of correlation between the residuals, 
is that obtained by permuting all the rows except the first of any chosen 
square in all possible ways. In such a set of squares every pair of plots 
not in the same row or column receives like treatments equally frequently. 
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In the set of squares generated from that shown in Fig. 2, for example, 
A of the second column will occupy each of the last five places in the 
column 24 times, so that the first plot of the first column has like treat- 
ment to each of the other plots of the second column 24 times. The 
second plot of the first column will receive treatment B 24 times and will 
then have like treatment with the first plot of the second column. It will 
receive treatment C 24 times, and of these 24 times C will fall in the 
last four places of the second column 6 times each. The same occurs with 
D, E, and F, and therefore this plot is associated with each of the last 
four plots of the second column 24 times. 

The absence of bias in the error can be shown as follows. Let the 
residuals of a single mm experiment, after correcting for rows and 
columns, be given by Table 1. 


TABLE I 
Xo1 Xoo Xen 
X31 X32 X33 
Xn2 Xn3 ° Xnn 


The sums of the residuals of every row and every column are necessarily 
zero. If the totals of the residuals for the m treatments are Ty, Tp, T¢, 
... Tx, then the sum of squares due to treatments is 


On permuting the last » —1 rows in all the (n—1)! possible ways, (m—1)! 
such treatment sums of squares will be obtained. Since every pair of 
plots not in the same row and same column have like treatment the same 
number of times, and the square of each treatment total when multiplied 
out contains m squares of residuals and 4m (n—1) pairs of products, it 
follows that the total of all the (n—1)! treatment sums of squares must 
reduce to 
—1)! 
(n—1)! (n—r1)! 


where the first summation represents the sum of all squares of residuals 
and the second summation twice the sum of the products of residuals of 
all pairs of plots not in the same row or column. 

The sum of the products of any residual, say x,,, with all the residuals 
not in the same row or column, is equal to the square of that residual, 
for &c., so that the required sum is equal to 
+4, Le. Hence the last summation in the 
above expression is equal to Sx,,?, and therefore the mean treatment 
sum of squares reduces to 
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This corresponds to n—1 degrees of freedom, whereas the total sum of 
squares of the residuals after correcting for rows and columns, Sx,,’, 
corresponds to (n—1)* degrees of freedom. There is consequently no 
bias in the treatment sum of squares if the whole set of Latin squares is 
applied to the results of a single experiment. ‘There can therefore 
equally be no bias if the whole set of squares is applied to each of the 
whole population of experiments, or, since this population is infinite, if 
a single square selected at random from the set is applied to each member 
of the whole population. 

The permutation of the last n—1 rows removes all bias from the 
estimate of error, but since the first row is the same for all squares, 
individual treatments are still not free from bias if a single experiment 
is considered, or from correlation if we consider the whole population of 
experiments. Such bias and correlation can be eliminated by permuting 
all the letters of the square. Alternatively, the elimination can be per- 
formed just as effectively by permuting all the columns. 

Although the employment of such a method of randomization will 
eliminate the bias due to error and any correlation between treatments, it 
appears that with a given system of correlations between the residuals, 
the z distribution will not be exactly realized. Since the greatest bias in 
z is introduced when the pattern of the square coincides most nearly 
with the correlation pattern, or cuts across it most completely, as in the 
example discussed above, it would seem heceticdlly preferable to 
choose a square at random from all the possible squares of given size, 
since with such a choice the maximum om will occur less frequent 
than if the square is always chosen from a set as defined above, which 
happens to contain a square coinciding most nearly with the correlation 
pattern. The point is largely theoretical, for in agricultural experiments 
the correlation system of an infinity of experiments can hardly be very 
large, or of the type that will coincide at all completely with any possible 
Latin square. 

Instead of considering a whole population of experiments, we may 
consider the z distribution which would be obtained if a set of arrange- 
ments be applied to a single experiment. Such a distribution is neces- 
sarily discontinuous, for the number of different values of z is some 
fraction of the number of arrangements in the set. In order that the 
distribution shall approximate to a continuous distribution the number 
of arrangements included in the set must be large. This is the basis of the 
test made by Eden and Yates [3] on 256 height measurements of wheat, 
which displayed marked departure from the normal form of distribution. 
The data were arranged in eight blocks of four values (each value being the 
sum of eight measurements) and a sample of 1,000 arrangements taken 
at random from the whole (4!)* = arrangements, the z being com- 
puted for each arrangement. There are (4!)' discrete values of z, and it 


is shown that the sample of 1,000 from this discontinuous population 
conforms satisfactorily with the theoretical z distribution for an infinite 
population of normally distributed data. 

In order that such a distribution shall approximate to a continuous 
distribution the number of arrangements included in the set must be 
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large, and this may be regarded as a further point in favour of using a set 
of squares as large as conveniently possible. In the case of 5 5 squares, 
for example, the permutation of ail the rows, except the first, of a given 
square will only give twenty-four different values of z, whereas the 
utilization of all squares will give 1,344 such values. 

All possible squares up to 6 x 6 have been enumerated and are easily 
presentable [4]; they are therefore illustrated in the next section. A 
single square of each size from 7 « 7 to 12 x 12, is also given. From these 
typical squares experimental arrangements may be derived as required. 


3. Typical Squares 


The most extensive set of squares that can be easily derived from a 
single square is that generated by the permutation of all rows, all columns 
and all letters. ‘This type of permutation, which we have styled a trans- 
formation in the enumeration of the 6 x 6 squares [4], is the basis of the 
presentation of the 55 and 6x6 squares. The greatest number of 
n Xn squares that can possibly belong to any transformation set is clearly 
(n!)’, since the rows, columns, and letters may all be permuted indepen- 
dently in m! ways (including no change), but all transformations of a given 
square do not necessarily give different squares, so that the actual num- 
ber in the set may be very much less than this. In the case of 6x6 
squares, for example, the greatest number of squares in any one set is 
} (6!)° and the least number 5}, (6!)*. 

Although all transformations do not in general give different squares, 
every _— of the set (including the original square) must be generated 
an equal number of times, when all the (m!)* transformations (including 
no change) are made. ‘Thus in the case of 6 x 6 squares every square of 
a set containing }(6!)* squares must be generated four times. It follows 
that if a transformation be chosen at random from all the possible (z!)’ 
transformations, this transformation, when applied to, any given square 
of a set, will generate a square which is a random selection from all 

ossible squares in the set. In order to make a random selection 
rom the (m!)* transformations it is only necessary to choose some new 
random order for the rows and columns and a random substitution 
for the letters (by numbered cards, balls, &c., or a table of random 
numbers [5]). 

The fraction 1/n! (n—1)! of all the n xm Latin squares will be what are 
called reduced squares, i.e. squares with the first row and first column in 
the given order A.B.C.D.... Each transformation set contains the same 
fraction of reduced squares. From each reduced square m! (m— 1)! squares 
can be generated by permuting all the rows except the first, and all the 
columns, or alternatively, all the rows except the firat. and all the letters, 
and either of these generating processes, when applied to all reduced 
squares, will generate all possible squares. 

The 3 x 3 squares are ail included in a single transformation set, which 
contains one reduced square, so that there are 3! 2! or twelve 3 x 3 squares 
in all. The reduced square is illustrated in Fig. 3. A random selection 
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from all the squares may be made by permuting at random the last two 
rows and all the columns or letters. 


CAB 
Fic. 3. The 3 x 3 squares. 


The 4 x 4 squares form two transformation sets, one containing three 
reduced squares, all of which are illustrated in Fig. 4 (a), and the other 
a single reduced square, Fig. 4 (b). A random selection from all the 
squares may be made by selecting one of the reduced squares at 
random and permuting the last three rows and all the columns or 
letters. 


ABCD ABCD ABCD ABCD 
BADC BCDA BDAC BADC 
CDBA CDAB CADB CDAB 
DCAB DABC DCBA DCBA 
(a) (a) (a) (b) 


Fic. 4. The 44 squares. 


The 5 x5 squares also form two transformation sets, one containing 
50 and the other 6 reduced squares. Space does not permit us to set out 
all these 56 reduced squares in full, and a single example of each trans- 
formation set is therefore given, in Fig. 5, from which all squares of the 
set may be generated by the permutation of all rows, all columns, and all 
letters. 

To make a random selection from all possible 5 x 5 squares with an 
equal probability of obtaining any one square, it is first necessary to 
select one or other of the transformation sets, in such a manner that the 
probability of selection is proportional to the number of squares in the 
set. This may be done most simply by selecting a number at random 
from the numbers 1-56, and choosing the first set when a number 
between 1 and 50 is obtained, and the second when a number between 
51 and 56 is obtained, as indicated by the key numbers printed below the 
squares. 


ABCDE ABC DE 
BADEC BCDEA 
CEABD CDEAB 
DCEAB DEABC 
EDBCA EABCD 
I-50 51-6 


Fic. 5. The 5 <5 squares. 


The 6 x 6 squares, Fig. 6, form 22 transformation sets, comprising in 
all 9,408 reduced squares. Ten of these sets form 5 pairs of sets, such that 
all squares of one set of the pair are the conjugates of the squares in the 
other set. (One square is said to be the conjugate of another if the rows 
of one square, taken in order, correspond to the columns of the other, 


also taken in order.) These pairs of sets are illustrated by a single 
3988-3 R 
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example each, but are distinguished from those sets which include con- 
jugates by being given two sets of key numbers. Since all the squares of 
one of a conjugate pair of sets, when rotated through a right angle, give 
the squares of the other set, the agriculturist can hardly be concerned 
with the distinction between a square and its conjugate, for the orienta- 
tion of an experiment is itself usually arbitrary. The purist may satisfy 
himself by performing the rotation if a number included in the lower 
group of key numbers is obtained. 

— from the occurrence of these conjugate pairs of sets, the 
method of selection of a square at random from all the possible 9,408. 
6! 5! 66 squares is identical with that already described in the case of 
the 5 x 5 squares. 


I II Ill 
ABCDEF ABCDEF ABCDEF 
BCFADE BCFEAD BAFECD 
CFBEAD CFBADE CFBADE 
DEABFC DEABFC DCEBFA 
EADFCB EADFCB EDAFBC 
FDECBA FDECBA FEDCAB 

0001-1080 2161-3240 3241-4320 
1081-2160 

IV V VI 
ABCDEF ABCDEF ABCDEF 
BAEFCD BAECFD BAFECD 
CFBADE CFBADE CFBADE 
DEABFC DEFBCA DEABFC 
EDFCBA EDAFBC ECDFBA 
FCDEAB FCDEAB FDE-CAB 

4321-5400 5401-5940 6481-7020 
5941-6480 
Vil Vill IX 
ABCDEF ABCDEF ABCDEF 
BCDEFA BAEFCD BAEFCD 
CEAFBD CFAEDB CFABDE 
DFBACE DPCBAFE DEBAFC 
EDFBAC EDFCBA EDFCBA 
FAECDB FEDBAC FCDEAB 
7021-7560 7561-7920 8281-8640 
7921-8280 

xX XI XII 
ABCDEF ABCDEF ABCDEF 
BCFADE BCAFDE BCAEFD 
CFBEAD CABEFD CABFDE 
DAEBFC DFEBAC DEFBAC 
EDAFCB EDFCBA EFDACB 
FEDCBA FEDACB FDECBA 


8641-8820 8821-8940 9061-9180 
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n- 
of XIII XIV XV 
ve ABCDEF ABCDEF ABCDEF 
ed BCAFDE BCAEFD BAFEDC 
a- CABEFD CABFDE CDABFE 
fy DFEBAC DFEBAC DFEACB 
er EDFACB EDFCBA ECBFAD 
FEDCBA FEDACB FEDCBA 
he 9181-9240 9241-9280 9281-9316 
8. 9317-9352 
of XVI XVII 
ABCDEF ABCDEF 
BAECFD BCAFDE 
CEAFDB CABEFD 
DCFABE DEFABC 
EFDBAC EFDCAB 
FDBECA FDEBCA 
9353-9388 9389-9408 


Fic. 6. The 6 x 6 Latin squares. 


No enumeration has as yet been made of squares larger than 6 x 6. 
In Fig. 7 we give six squares, with sides from 7 to 12, from which any 
square of the transformation sets which contain them may be generated 
by the permutation of all rows, columns, and letters amongst themselves. 
These transformation sets, or even the smaller sets generated by the 
permutation of rows and columns, or either and letters, will give sets of 
squares amply large enough to serve all agricultural purposes. 


ABCDEFG 


BDEFAGC BCAE DHG 
CGFEBAD CADGHEFB 
DEABGCF DFGCAHSBE 
ECBGFDA EHBFGCAD 
FAGCDEB FDHABGEC 
GFDACBE GEFHCBDA 
HGEBDACF 
| 8x8 
ABCDEFGHI ABCDEFGHI J 
BCEGDI FAH BGAEHCFIJD 
CDFARBRGI ESB GFBEADI 
DHABFECIG DAGIJECBFHSH 
EGBI CHDFA EFHJ I GADBC 
FIHEBDAGC FEBCD!I GHA 
GFICABHDE GIFBADHIJ CE 
HEGFIABCD HCI FGJjJ 
FADHGCESBF IJ DACHBFEG 
J 


x 

° 
x 
° 


ABCDEFGH 
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1. The conditions which must be fulfilled in selecting Latin-square 
arrangements for agricultural field trials, if an unbiased estimate of error 
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JK ABCDE 
GE BLGCD 
EG CKABF 
AH DFIAL 
I F EDF GJ 
HD FHKEG 
KC GIDFK 
Cj HELJC 
FA IJ BLA 
B I J} CEKA 
DB KGJ HI 
LAHI B 
12 

Fic. 7. 
4. Summary 


is to be obtained, are discussed. 


2. Examples of squares up to size 1212 are given, from which 
experimental arrangements may be derived by simple processes of per- 
mutation. All squares up to size 6 x 6 have been enumerated elsewhere, 
and the totalities of these squares are presented here in compact form. 


1. L. EuLer, Recherches sur une nouvelle espéce de quarrés magiques. Verh. v. h. 
Zeeuwsch Genootsch. der Wetensch. Vlissingen, 1782, 9, 85-239. 

2. O. Tep1n, The Influence of Systematic Plot Arrangement upon the Estimate of 
Error in Field Experiments. J. Agric. Sci., 1931, 21, 191-208. 

3. T. EDEN and F. Yates, On the Validity of Fisher’s z Test when applied to an Actual 
Example of Non-normal Data. J. Agric. Sci., 1933, 23, 6-17. 

4. R. A. Fisuer and F. Yates, The 6 x 6 Latin Squares. Proc. Lond. Math. Soc. (In 
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THE CLIMATIC AND SOIL REQUIREMENTS OF TEA 


HAROLD H. MANN! 
(Rothamsted Experimental Station) 


THE distribution of tea cultivation in the world is at first sight peculiar. 
On the one hand, the crop seems not at all precise in its demands in the 
matter of climate, for it is found from comparatively far north, where 
frost is common and more or less temperate conditions prevail, to the 
immediate neighbourhood of the equator, where it is cultiv ated on a 
very large scale. On the other hand, its cultivation is curiously restricted, 
for, with the exception of recent plantings in Africa and Russian Georgia, 
it is hardly found anywhere as a commercial crop save in the south-east 
of Asia and the islands adjoining this region. ‘There is no commercial 
cultivation as yet on the American continent (though there seem to be 
possibilities of development in Brazil), or in south Europe; and in Africa 
it has so far been grown only in the eastern half of the continent. 

Tea growing is limited by labour considerations as well as by those of 
climate and soil; it demands more hand-labour per acre than almost any 
other tropical cultivation, and this hand-labour must be cheap if the 
cultivation is to be profitable. Such cheap labour is available in precisely 
those portions of the world where tea cultivation has become cotaiiahed. 
Despite this fact, it is at least curious that the distribution of one of the 
most profitable of tropical and semi-tropical crops should be so limited. 

One reason for the present distribution lies in the centre from which 
the plant has spread. The original home of the tea plant is believed to 
be the great mountain area of Further India, between India, Burma, 
and China. In the mountain valleys of this area there are still whole 
districts where tea trees abound in the forest growths. From this centre, 
the plant appears to have spread to China, and, more slowly, it became 
commonly used by the hill peoples of the Shan states, the Naga and 
other adjoining hills, and, to a certain extent, in the ‘Irrawaddy and 
Brahmaputra valleys. The principal spread was, however, to the north, 
and, in China, tea became at a very early date one of the characteristic 
cultivations of the country. From this centre in China, the prepared 
product was distributed in varying degrees to all parts of the civilized 
world. Up to the ’thirties of the last century, the production of tea on a 
commercial scale was exclusively carried on in China, and, in fact, it was 
believed by many that a drinkable tea could only be produced i in that 
country. Between 1830 and 1840, however, tea was cultivated experi- 
mentally in several parts of India and Java. Some of these experiments 
succeeded far beyond the hopes of the pioneers; others failed completely; 
whilst in other areas tea growing has maintained a feeble existence and 
has not expanded. The centres of greatest success were Assam and, in 
fact, all the north-east corner of India, to a less extent the Nilgiri moun- 
tains in south India, at a later date Ceylon and ‘Travancore, and finally 


' Formerly Scientific Officer to the Indian Tea Association, now Assistant Director, 
Woburn Experimental Station. 
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Java and Sumatra in the East Indies. The areas where tea is still grown, 
but where the cultivation has languished, may well be represented by 
the Himalayan tea-districts of India, which lie to the west of Darjeeling, 
such as Kumaon, Kangra, and Dehra Dun. Outside India, Natal is in 
a similar position. In America, as already stated, there is at present no 
commercial tea cultivation of any importance. In Russia, where tea 
has been grown for only thirty to forty years, the cultivation has but 
recently been extended, and it may still be regarded as experimental. 
In Africa, a flourishing though small tea industry exists in Nyasaland, 
and a similar small industry is becoming established in Kenya. 

In certain directions the tea plant may be said to be very tolerant of 
considerable variations in climate; in others it is most precise in its 
demands. ‘The conditions which are found in all areas where tea 
cultivation is an established success are detailed below, and the suitability 
of an area can be determined by seeing how far the conditions in that area 
approach these ideal requirements: 

(1) There should be rarely a month during the year when some rain 
does not fall, and as a result, the soil should never become dry for more 
than a very short distance below the surface. 

(2) The total rainfall during the year should exceed 60 in.; in the best 
areas it is considerably higher. At greater elevations and in more 
temperate conditions, less rainfall is required than where really tropical 
conditions prevail. 

(3) The minimum temperature of the year should never fall below 
freezing-point, and if it does, such occurrences should happen infre- 
quently and at night only. This demand is not absolute, but if the winter 
temperature is more severe than that specified, only the northern or China 
varieties can be cultivated successfully. 

(5) ‘The shade temperature at the hottest time of the year should not 
much exceed go° F., and when high temperatures occur the relative 
humidity of the atmosphere should also be high. The conjunction of a 
high temperature and a dry atmosphere at any time of the year is very 
dangerous, and its occurrence very substantially limits the extension of 
successful tea cultivation. 

(6) The daily range of temperature should be small, even in the cold 
weather, and particularly small during the season when growth is most 
vigorous. 

(7) The absence of strong, and especially of strong and dry, winds at 
any time of the year is important. 

Naturally, these points are not all of equal moment, and the absence 
of some of them can be made good by changes in the method of cultiva- 
tion; but it will be seen that we are dealing with a crop whose range is 
necessarily limited. 

For successful cultivation, tea has, as shown above, certain well-defined 
requirements in regard to climate. Similar restrictive conditions exist 
in regard to soils. There are, in point of fact, certain characteristics 
of tea soils, relating to both physical condition and chemical composi- 
tion, which seem to be absolutely essential if really satisfactory and 
permanent tea cultivations are to thrive. If these essential conditions 
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are satisfied, then tea will grow well in varied types of soil; if not, the 
apparently most favourable situations will spell failure. 

Tea is grown on alluvial or sedentary soils. Most of the important 
tea estates in north-east India lie on practically flat alluvial land, some 
of rather old types and the remainder of quite recent deposition. ‘The 
tea of Ceylon and also of south India is grown on sedentary soils that 
are mainly derived from gneiss and granite. ‘The same is the case in 
Sumatra. In Java, the chief tea areas possess soils which lie on volcanic 
rocks, and on volcanic rocks of rather varying types. In Africa, tea is 
grown successfully in Nyasaland on alluvial soils that were directly 
washed from a great gneissic massif, and equally well on sedentary 
gneissic soils. Further, tea thrives well on red soils, which are most 
frequent in Ceylon, south India, and on the older alluvial areas of Assam, 
the Duars, and other parts of north India. It is equally successful on 
many purely grey soils in close proximity to the ie soils. The largest 
annual yields of tea have probably been obtained from tea planted on 
well-drained peat several feet deep in Cachar and Sylhet. 

The special soil characteristics that are really essential for successful 
tea cultivation may now be discussed. The first of these is a deep soil, 
and the depth should be greater as the liability to drought increases. 
Such a deep soil is not of great value unless the tea bushes can force 
their roots well into the subsoil. ‘There seems little doubt that the capacity 
of a tea bush to penetrate a hard or sticky subsoil is limited, so very 
few perennial plants have so little power of penetrating an unsuitable 
layer of subsoil—whether this unsuitability is caused by hardness, stiff- 
ness, or lack of drainage—as has the tea bush. This does not mean that 
tea can never be grown on soils with a subsoil into which tea roots cannot 
easily penetrate, for many very successful tea estates exist where the 
subsoil inhibits the formation of deep roots either of tea or of any other 
plant growing on them. However, such tea estates in actual practice 
are very liable to drought; they depend for their success on the great 
richness of the surface soil, and are liable to very rapid deterioration. 
Apart from such exceptional cases, it may be said that soils likely to be 
suitable for tea should be deep with the lower layers porous, well-drained, 
and easily penetrable by tea roots. It is possible that hard subsoils may 
be opened by the use of shade trees planted amongst the tea, and the 
value of such trees in assisting the penetration of tea roots to con- 
siderable depths is gradually being recognized. 

The normal development of the roots of the tea plant under conditions 
of ordinary cultivation [1] may be said usually to consist of a deep tap-root 
or deep secondary roots, whose primary purpose appears to be to absorb 
the water that the plant needs, and a series of sub-surface roots, which 
are normally found from 4 to 6 in. below the surface of the soil, if the 
tea bush is properly planted. ‘To obtain this type of root-development, 
it is clear that only soils in which the ordinary forest or jungle growth 
is found to penetrate deeply into the subsoil should be selected. If the 
roots of jungle trees do not penetrate deeply, it is necessary to examine 
whether there is any sign of waterlogging of the subsoil either from springs 
in the ground or from other causes. If there is the least sign of the 
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subsoil being waterlogged at any time of the year, it will be necessary, if 
successful tea cultivation is to be carried on, to arrange for thorough 
drainage of the land to a depth of at least 3 ft., for the purpose not only 
of taking away the surface water, but also of removing the tendency of 
water to accumulate in the subsoil. The importance of the easy pene- 
trability of the subsoil must be insisted upon, because there have been, 
all over the world, very frequent disappointments from planting tea 
where the subsoil conditions have either not been naturally satisfactory 
or have not been made so before the planting was begun. 

From the chemical point of view, good tea soils must fulfil the follow- 
ing two requirements: (1) the soil should not contain more than a trace 
of lime, and (2) the soil must be definitely acid. 

The presence of more than very small amounts of lime in the soil, at 
least in the form of carbonate of lime, seems almost fatal to the tea plant. 
There are cases on record in which lime is said to have been used success- 
fully as a manure in tea gardens, but such records are very few, and in 
the vast majority of cases the addition of lime—which has so frequently 
been recommended by chemists after analysing the soils—has either 
had no effect at all or it has been actually injurious to the crop. In a 
recent exhaustive examination of the results of applying lime to healthy 
tea on a fairly acid soil in Assam, Carpenter, 5 ig and Harler [2] 
showed that in no case was there any benefit from the use of lime, 
although the available lime (i.e. the amount extractable by 1 per cent. 
citric acid) was less than 0-05 per cent. They claim, but without giving 
the evidence, that lime has proved useful when peaty material has been 
used as a tea manure and the tea has subsequently deteriorated. The 
latest evidence is that of Prillwitz [3], who states (1932) that in no case, in 
all his experiments, has manuring with lime had any favourable effect 
on the growth of the plants. On the other hand, I have myself recorded [4] 
successful tea where the lime-content of the soil, as extracted by hydro- 
chloric acid, was above 0-5 per cent., but this, I believe, is the maximum 
ever recorded. ‘The average amount of lime extractable by hydrochloric 
acid in good tea soils, in the main tea districts of north-east India, does 
not exceed 0-12 per cent. Further, if in any area where tea is being planted 
there happens to be a patch of soil where lime occurs in more than a very 
small percentage, the tea growing, if it grows at all, upon such a patch 
of soil is invariably very inferior. In this case, it is not yet clear whether 
it is the presence of more than a trace of lime that is the evil influence, 
or whether it is chiefly an indicator of too little acidity for tea. The fact 
that the tea plant is definitely a calcifuge must never be forgotten in 
selecting areas for tea cultivation. 

The other special need of a tea soil is that it should have an acid 
reaction. It is unlikely that tea cultivation will be a commercial success 
in any soil which has a pH value exceeding 6-0, although Eden [5] has 
recently recorded some good tea soils in Ceylon with a pH value slightly 
higher than this; in one case going up to pH 7-3. Such cases are so 
exceptional, however, that they need a much closer examination than 
has been given to them before they can be accepted without reserve. 

The ideal pH value for a tea soil probably lies somewhere between 
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5:2 and 5-6, though many successful tea soils have a much lower value 
than this. One case is recorded by Carpenter in which good tea was 
growing in soil of pH value 3-6. The scientific workers of the Indian 
‘lea Association in Assam consider that great importance should be 
assigned to the difference between the pH value of the soil in water 
solution and that obtained in a normal solution of potassium nitrate. 
The latter always, of course, tends to give the higher acidity, and the 
difference between the two values is termed the ‘reserve acidity’. If 
this is large, the soil is likely to be a good tea soil, provided the original 
pH value in water solution is within the suitable limits; if the difference 
is small, there is less certainty [6]. 

The effects on the tea plant of soil that is either definitely alkaline 
or insufficiently acid have been indicated by Eden in a recent publica- 
tion [7]. He contends that soil alkalinity leads to failure of the main axis 
of the plant to elongate, to the leaf-buds being crowded together, and to 
the falling-off of the leaves at an early stage, leaving many scars close 
together. Often only leaves near the growing-point are left and side- 
shoots are absent. The effect on the roots is stated to be equally remark- 
able. In bad cases, there are no tap-roots, the appearance being as if 
these had been bitten off. Lateral roots are few and concentrated at the 
bitten-off points. There are few root-hairs and these are discoloured 
and brittle. 

The whole question of the acidity of tea soils is so important that it 
would appear that the first test to be made on any soil intended for tea 
cultivation should be the determination of the pH values of the soil and 
subsoil. This matter is of peculiar interest in the case of tea, as no other 
crop seems to be so precise in its demands. The importance of the matter 
may be illustrated by the fact that the existence, for any length of time, 
of a native hut on a piece of ground, especially if cattle have been kept 
round the hut, will usually cause the acidity to decrease to such an extent 
as to make the growth of successful tea almost impossible on such areas. 

We have thus, as definite requirements for tea cultivation, a surface 
soil normally rich, containing only traces of lime—at least in the form of 
calcium carbonate—and possessing a definitely acid reaction. Such a soil 
should have a subsoil that is porous, easily penetrable, and well-drained. 
If these requirements are met, and the climate is suitable, tea will grow, 
and grow well, though of course the vigour of growth will depend on 
the richness in ordinary plant-food of the surface soil, say to a depth of | 
8 or 10 in, 

So far as the requirements of ordinary plant-foods are concerned, it 
has long been recognized that the vigour of tea depends largely on the 
abundance of available nitrogen, an abundance which is usually secured, 
at any rate in virgin tea soils, by the presence of large quantities of 
organic matter. A large excess of nitrogen, either in organic or other 
forms, seems, however, to be disastrous to the quality of the tea produced. 
Cooper in a recent paper [8] states that on the soils with which he was 
working in Assam he found he could add each year 40 lb. of available 
nitrogen and no other fertilizers without reducing quality, but if more 
nitrogen were used, then phosphoric acid and potash would have to be 
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applied if quality was not to suffer. It seems clear, in fact, that if the 
content of organic matter in soils used for tea exceeds a certain limit, and 
is thus able to provide more nitrogen than corresponds to the phospho- 
ric acid and potash available, then the quality of the tea produced will 
decline. This happens, for instance, when tea is grown on peat soils, 
on which the yield is very high, but despite every effort to pluck and 
manufacture properly, nobody has succeeded in producing anything 
better than a common grade of tea. The same appears to be true to a 
less extent in growing tea at high elevations near the equator. Here the 
soil is nearly always initially very well provided with organic matter, 
and hence with a larger proportion of nitrogen relative to the other 
manurial constituents. As a result, the quality of the tea produced under 
such conditions during the first years of an estate is generally lower than 
that which can be obtained later on. 

Apart from this point, the relationship of the soil on which tea is 
grown to the quality of the product is still very little understood. So 
long ago as 1907, I suggested that my analyses of the tea soils of north- 
east India indicated that there was a in correlation between the amount 
of phosphoric acid in the non-silicate portions of the soil and the quality 
of tea likely to be produced. Though the areas indicated at that time 
as likely to be capable of giving improved quality have since justified 
the prediction, it cannot yet be stated that there is any certainty as to a real 
connexion between the phosphoric acid in the soil and the quality of the 
tea produced. Recent opinions have been expressed by Cooper [9] that the 
presence of this constituent has no effect on quality,and by Carpenter [10] 
that phosphoric acid ‘tends to steady up the flushing and in that manner 
makes for slower growth and better tea’. He also says, however, that it 
is the general opinion that much of this plant-food makes for stalky 
teas. ‘The whole question of the influence of the phosphoric-acid content 
of the soil on the quality of tea must be regarded for the present as 
uncertain, and it should be the subject of further research. 

The influence of available souk in the soil on the healthiness of the 
tea bush and on the quality of tea has also been the subject both of 
speculation and of experiment. As a result, it seems to have been found 
that _— in abundance tends to keep the tea bushés free from fungus 
attack, and to prolong the growing period, so that the bushes provide 
a supply of leaf later in the season than would otherwise be the case [11]. 
The importance of abundant potash in tea soils, as a means of resisting 
the greatest insect pest of tea, the so-called ‘mosquito bug’ (Helopeltis 
sp.), has been stressed by Andrews [12], who regards the ratio of available 
potash to available phosphoric acid as a significant factor in determining 
the liability of an area of tea to attack by this pest. Tunstall has suggested 
that abundant potash in the soil leads to storage of starchy material in 
the frame of the tea bush at the end of the season, and that this reserve 
of starch tends to give a more healthy growth early in the following 
season when the bushes are recovering from pruning. On the other hand, 
in Ceylon the importance of excess of available potash is not considered 
to be great, and Eden has reported recent experiments indicating no 
response to potash manuring [13]. 
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The whole question of the importance of a large amount of available 
potash in the soil must still be considered as in a state of flux, though 
the indications are that it may at least play a part in the maintenance of 
a healthy bush. 

Other constituents of the soil have from time to time been credited 
with special importance for the healthy growth of the tea bush or for 
the quality of the tea produced. ‘Thus Bamber [14] considered that there 
was a Clear relationship between the amount of the lower oxide of iron 
in tea soils and the quality of tea. Further investigation has, however, 
failed to confirm his views, and there is insufficient evidence to suggest 
that importance should be attached to this constituent of tea soils. 

Again, repeated suggestions have been made that the presence in the 
soil of assimilable manganese has something to do with the high quality 
of tea from certain districts, and Bamber seemed to think that addition 
of manganese to the soil caused infusions made from the leaf produced 
to have a brighter appearance. In the early days of the investigation of 
tea soils, Nanninga [15] showed that the effect of manganese, when present 
in varying quantities in the soil, is most marked on the composition of 
the tea leaf. However, this matter has not really been followed up, and 
much more experimental work is required before it can be accepted that 
tea quality should be connected with the available amount of manganese 
in the soil. 

The possibility of magnesia starvation has been referred to in con- 
nexion with tea soils in Nyasaland [16], where the deficiency of magnesia 
in tobacco soils seems to have been proved, but at present the evidence 
is insufficient to support the view that such deficiency is anything but a 
very rare phenomenon. 

On the other hand, recent work seems to show that a deficiency of 
sulphur may be the cause of tea not flourishing in many areas and may 
give rise to a specific affection of tea known in = Rani oe as ‘tea yellows’. 
This disease, which has been investigated recently in Africa by Storey 
and Leach [17], and may be more widespread than has been generally 
recognized, seems to be definitely caused by lack of sulphur in the soil. 
It can be rapidly cured either by the use of sulphur itself or by manuring 
with sulphates, whether in the form of sulphate of ammonia, sulphate of 
potash, or even sulphate of magnesia. 

This survey of our present knowledge of certain aspects of tea 
soils in the principal tea-growing areas of the world shows, if nothing 
else, how fragmentary is our real knowledge of the requirements of tea 
soils for giving large yields, for producing healthy growth, or for giving 
a high-quality product. Experimental stations now exist in most of the 
great tea-growing areas of the world, and these should considerably add 
to our knowledge in the near future. The matter is obviously of great 
importance to the future of what is one of the most extensive tropical 
and semi-tropical cultivations of the world, for all the work hitherto 
done in connexion with tea soils still leaves us with a totally inadequate 
knowledge of the relationships of the soil conditions to, at least, the — 
of tea likely to be produced, and to the healthiness of the bushes whic 
produce the tea. 
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INVESTIGATIONS ON THE INTENSIVE SYSTEM OF 
GRASSLAND MANAGEMENT 


XII, THE INFLUENCE OF THE GRAZING FACTOR ON THE 
BOTANICAL COMPOSITION OF INTENSIVELY MANAGED 
PASTURES! 


G. E. BLACKMAN 
(U.C.I. Agricultural Research Station, Jealott’s Hill, Berks.) 


Introduction 


THE changes in botanical composition of pastures managed under the 
intensive system, i.e. grazed in rotation and receiving a ‘complete’ 
manuring of nitrogen, phosphates, and potash, have been studied by 
Fenton [1], and by Gardner, Hunter Smith, Reid, and Williams [2, 3]. 
Fenton claimed from periodic observations during a single season (1927) 
that Lolium perenne, Poa trivialis, and Trifolium repens tended to increase, 
but that these conditions were inimical to the development of Dactylis 
glomerata, Agrostis spp., and Holcus lanatus. Gardner and his co-workers 
concluded from their investigations of 1928-30 on a single grazing trial 
that L. perenne and Festuca ovina were encouraged, but that P. trivialis, 
together with H. lanatus, were diminished by rotational grazing, irre- 
spective of nitrogenous manuring. The sole botanical change that these 
workers ascribed to the application of nitrogenous fertilizers was the 
depression of 7’. repens. 

New observations.—The present investigations were begun in 1927, but 
only those experiments started in 1928 or 1929 have been included in 
this paper, since the earliest experiments were discontinued for various 
reasons. The investigations were carried out at six centres differing in 
pasture-type, soil-conditions, and climate. Three centres were situated 
on clay or loam soils, two were hill pastures on millstone grit, and the 
sixth on a chalk soil. 

At all of these centres the intensive system of management was in 
progress during the period covered by these investigations. The area at 
each centre consisted of such a number of fields or paddocks that these 
could be grazed in rotation, each being thus grazed at intervals of from 
3 to 5 weeks during the grazing season, and rested between grazings. 
The pasture received each year an application of phosphates alone or 
in combination with potash, and dressings of nitrogen, usually two or 
three, at intervals during the season. The chemical nature of the fertilizers 
varied both from year to year and from centre to centre. In general the 
phosphates were given as basic slag or superphosphate, and the potash 
as 20 or 30 per cent. potash salts, while the nitrogen was added either 
as ammonium sulphate or Nitro-chalk. 

Besides periodic botanical analyses, records of stocking were collected. 
The recording of the stocking and the actual management of each trial 
was largely in the hands of the collaborator on whose farm the trial was 


' Previous papers in this series have appeared in the Journal of Agricultural Science. 
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carried out. In addition, further information was obtained from reports 
of other members of this Station who visited the centres from time to 
time. 

Technique of botanical analysis—The method of botanical analysis 
used in these investigations has been fully described by Davies [4]. 
Briefly, the method consists in estimating the percentage number of 
tillers in a number of small random quadrats (6 in. x 6 in.). The estima- 
tions were carried out either im situ or on turves removed for the purpose. 
No attempt was made to study the changes on the whole pasture at each 
centre, a number of areas each of 0-0025 acre being selected for observa- 
tion. At each count 10-15 quadrats were taken on each observed area. 
bes data thus collected were statistically treated by the methods of 

isher [5]. 

As a trials ranged between the south of England and 
the middle of Scotland, the author was unable to visit each centre more 
than once in each year. It was therefore decided to make the botanical 
analysis in August. For the initial observations, that time had the 
disadvantage that the pasture had already been under experimental 
treatment since the spring. As, however, it was intended to carry out ob- 
servations over a number of years, this objection was not thought to 
be serious. In addition it was considered that observations made during 
August had the twofold advantage that the seasonal variation would be 
less at this time than in the spring or early summer, and the various 
species would be more in equilibrium at this time of the year. 


Changes in Botanical Composition at Individual Centres 


Trial I. Pateley Bridge, Yorkshire.—This trial was situated sore 
= ft. above sea-level on a soil consisting of clay and millstone grit. 

he pasture had been sown down in 1922 with an ordinary seeds-mix- 
ture, but by 1928 had largely reverted to an Agrostis sward. In 1926 and 
prior to the experiment the pasture received 2 tons of calcium carbonate 
and 7 cwt. of 14 per cent. basic slag per acre. 

Between 1928 and 1932 the chief botanical changes in the sward were 
the significant decreases of Agrostis spp., T. repens, and Funcus communis, 
and the increase of P. trivialis. With the exception of 7. communis, these 
changes were not marked between 1928 and 1930, but between 1930 and 
1931 there was a sudden significant diminution in the contents of 7. 
repens and Agrostis spp., and an increase in P. trivialis. Between 1931 
and 1932 no significant changes took place. 

During 1928 and 1929 the area was grazed almost exclusively by sheep; 
in 1928 it was well grazed, but in 1929 store cattle were introduced to 
eat down the herbage in the autumn. In 1930 the pasture was kept 
close grazed until the end of July. In August the pasture was put up for 
‘short hay’ but, owing to the excessively wet weather, no cut was taken 
and the rank growth was eaten down by heavy stocking. In 1931, owing 
to abundant ‘keep’, the pasture was undergrazed the whole season; but 
in 1932 it was well grazed. 

Considering manuring in conjunction with the botanical changes it 
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would appear that there is little relation between them, since during 
1928-30, when the greatest quantity of fertilizers was applied, the pasture 
remained relatively unaltered. Similarly, it would appear that close 
grazing from April to July, and undergrazing during August and 


TABLE I 


Trial I. Record of Manuring and Botanical Observations 
Fertilizers applied (lb. of N, P,O;, or K,O per acre) 


Manuring 1928 1929 1930 IQ3I 1932 
Nitrogen . : 69°6 69°6 40°7 46°4 33°6 
Phosphates (P,O,; 84°0 100°2 35°0 93°0 
Potash (K,O) 39°0 17°5 46°4 

Botanical composition: Percentage number of tillers 
Species 1928 1929 1930 1931 1932 

Agrostis spp. 63°0 59°0 52°0 31'°8 42°0 
Poa trivialis : é ; 15°25 23°95 22°5 42°5 39°0 
Holcus lanatus . 5°25 4°25 17°0 17°4 
Anthoxanthum odoratum Saxe) 0°25 1°25 
Festuca ovina rs 2°0 
Trifolium repens . 3°5 3°0 
Juncus communis . ; 8°75 2°5 1°25 T 


* T= trace. 


September had no marked effect on the pasture equilibrium between 
1928 and 1930. On the other hand, in 1931 persistent undergrazing was 
robably responsible for the development of P. trivialis and the depression 
of both the Agrostis spp. and T. repens, since the difference between the 
manurings in 1930 and 1931 is slight and insufficient to account for the 
changes observed. It is to be noted that in both 1928 and 1929 there was 
a partial drought in June, which would have a more deleterious effect 
on the development of P. trivialis than on the growth of the Agrostis spp. 
Trial II. Skipton, Yorkshire.—The soil and climatic conditions at this 
centre were similar to those in Trial I. The pasture is situated at an 
elevation of 700 ft.; the soil was made up of a mixture of millstone grit 
and clay. The grazing trial consisted of a single large field sub-divided 
into six plots. Observations were carried out on a number of small areas 
on two of these plots. The pasture had been limed in 1927 at the rate of 
7 tons of lump lime per acre. 
During the first two years of the trial, Plot 2 received considerably 
more nitrogenous fertilizers than Plot 3, but in 1931-2 the manurings 
were very similar. Plot 2 received three dressings of nitrogen during the 
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season in 1929 and 1930 and two in 1931 and 1932; Plot 3 received two 
dressings in each of the four years. 

The behaviour of many of the species was alike on both plots. Between 
1929 and 1932 there was a significant reduction in H. lanatus, but the 
changes in L. perenne and C. cristatus were not significant. P. trivialis 
tended to increase on both plots, although the increase on Plot 2 was not 


‘TABLE 2 
Trial II. Record of Manuring and Botanical Observations 
Fertilizers applied (lb. of N, P,O;, or K,O per acre) 


Plot 2 Plot 3 
Manuring 1929 | 1930 | 1931 1932 | 1929 1930 1931 1932 
Nitrogen. | 69°6 | -45°0.| 46°4 464 45°0 | 45°0 
Phosphates (P,O;) . | 116°2 | 87°0 | 35°0 | 46°5 | 116-2 | 100°2 | 46°5 | 46°5 

| Percentage number of tillers 

Botanical composition: | Plot 2 Plot 3 
Species 1929 | 1930 | 1931 1932 | 1929 | 1930 1931 | 1932 
Lolium perenne. | 246 | 266 | | 210 | 21-7 | 24°8 | 26-2 
Festuca ovina | | | | | | | 186 | 
Poa trivialis . - | 17°72 | 13°9 | 14°4 | 24°1 | 14°5 | 14°0 | 40°8 | 37°0 
Cynosurus cristatus | | | | | | 8-6 
Holcus lanatus » | BES 8-0 5°6 2°8 | 10°1 9°5 2°5 3°0 
Agrostis spp. . = T T a6 | 23) | 
Trifolium repens . | T T 4a) 


significant; 7’. repens, on the other hand, decreased, the decrease being 
significant on Plot 3. Between 1929 and 1930, no significant change in 
the content of F’. ovina took place on either plot, but between 1930 and 
1931, on Plot 2 the content rose significantly, whereas on Plot 3 it fell 
significantly and P. trivialis increased. Between 1931 and 1932 the 
contents of the various species did not alter significantly. 


TABLE 3 
Trial II. Incidence of Grazing 


(Cow-days per acre) 


Plot 2 Plot 3 
1929 | +1930 | 1931 1932 1929 1930 | 1931 1932 
June. . 59 89 37 ..* 41 5° 50 55 
July ‘ ; 60 16 36 8 29 52 50 34 
Aug. 63 22 42 13 14 25 
Sept... 25 ata 34 24 43 54 
Oct. ‘ 12 40 39 43 23 


* ‘Shut up’ for hay crop. 


398 


As 
few ¢ 
in m 
conte 
In 
effect 
in th 
mant 
that 1 
the ¢ 
durir 
chan 
than 
and 1 
sligh 
| chan 
| T) 
hay | 
friab 
ment 
Apri 
and 
Febr 
tions 


THE INTENSIVE SYSTEM OF GRASSLAND MANAGEMENT 257 


As the plots were stocked with a high-yielding dairy herd containing 
few dry cows, the sward was never closely grazed, thus avoiding a drop 
in sidicdteiliatiain, It is suggested that the diminution in clover- 
content was related to this lack of close-grazing. 

In 1929 and 1930 the differences in nitrogenous manuring had little 
effect on the botanical changes. Again, in 1930 and 1931 the difference 
in the behaviour of F. ovina on the two plots cannot be attributed to the 
manuring, which was very similar on both. It would appear, therefore, 
that the control of the grazing was the more important factor influencing 
the changes in the sward. The differences in management (‘Table 3) 
during 1929 and 1930 had little effect, since the trend of the botanical 
changes was the same on both plots. Grazing Plot 3 three weeks later 
than Plot 2 in 1931, followed by heavier grazing during the rest of the 
season on Plot 2, may, however, account for the increase in P. trivialis 
and the decrease in F’. ovina in that year. Between 1931 and 1932, the 
slight differences in management were not reflected in the botanical 
changes. 

Trial III. Hereford.—Prior to 1928 this meadow had been cut for 
hay for all but two of the past thirty-two years. The soil consists of a 
friable loam of red-sandstone origin. During the first year of the experi- 
ment four dressings of nitrogenous fertilizers were applied, in February, 
April, May, and August. In 1929 two dressings were given, in March 
and June, but in 1930 the pasture received only a single dressing in 
February. The trial was discontinued after 1930, but botanical observa- 
tions were made in August 1931, as in the previous years. 


‘TABLE 4 
Trial III. Record of. Manuring and Botanical Observations 
Fertilizers applied (lb. of N, P,O;, or K,O per acre) 


Manuring 1928 1929 1930 1931 
Nitrogen . 105'9 46°4 46°4 
Phosphates (P,O;) 128°0 102°0 
Potash (K,O) . 67°2 

Botanical composition: f Percentage number of tillers 
Species 1928 1929 1930 1931 

Lolium perenne . 39°75 38°5 26°75 
Cynosurus cristatus. 16°75 1°5 1°75 6°5 
Agrostis spp... 9°5 13°75 
Festuca ovina. 24°0 13°5 
Anthoxanthum odoratum 1°25 0°25 0°25 
Dactylis glomerata 0°75 0°75 0°25 
Poa trivialis 0°25 7°25 27°75 
Trifolium repens 9°25 2°5 
Trifolium pratense. 4°0 2°0 
Hieracium radicata . rag 
Plantago lanceolata. T T 
Occasional species. T 0°25 0°75 
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Between 1928 and 1929 there was a significant increase of F. ovina and 
a significant decrease of C. cristatus. T. repens decreased markedly in the 
next year, while both P. trivialis and L. perenne (when compared with the 
data for 1928 and 1929) increased significantly. In the fourth year, when 
the pasture was neither rotationally grazed nor dressed with nitrogenous 
fertilizer, the content of L. perenne diminished by one-half, whereas that 
of P. trivialis increased fourfold. 

In 1928 the plot was grazed as follows (the figures in parentheses 
denote ewe-days per acre'): April (192), mid-May (285), June (452), 
early August (144), September (312), mid-October (126); in 1929, mid- 
May (353), June (96), July (193), August (153), October (43). The slow 
recovery after the May and August grazings was due to drought. In 
1930 the pasture was grazed by sheep in mid-March (120), ‘shut up’ for 
hay, which was cut in June, grazed in July (330), and August (150). 

Owing to the very different seasons it is difficult to correlate changes 
in composition with the management and manuring of the pasture. 
Nitrogenous manuring, apart from a possible effect on C. cristatus and F. 
ovina, would appear to have had little influence on the sward, since in spite 
of the pasture receiving equal quantities of nitrogen from August to 
August in the first two experimental periods, changes in L. perenne and 
T. repens did not occur until 1929-30. Putting the pasture up for hay 
was probably largely responsible for depressing the content of 7°. repens, 
while resting the pasture during April and May together with light 
grazing the previous autumn led to the development of L. perenne. 
The marked changes in 1931, under normal grazing conditions without 
— fertilizers, again indicate the importance of the grazing 

actor. 

Trial IV. Newport, Shropshire--Two different pastures were 
investigated at this centre, one a permanent pasture of considerable age 
and the other sown in 1922. The soil is of glacial-drift origin. Both 
fields received prior to the experiment 2 tons of calcium carbonate per 
acre. The manuring of the two pastures during the experimental period 
was similar (Table 5). In 1928 the nitrogen was divided into four 
dressings, but in subsequent years there were only three applications. 

The botanical changes were very different on the two pastures. In the 
younger sward L. perenne showed, up to 1930, a tendency to increase, 
but in 1931 there was a marked, significant decrease. In contrast, P. 
trivialis decreased significantly between 1928 and 1930. H. lanatus 
showed a steady decrease over the five years, the Agrostis spp. a steady 
increase. In 1930 Poa annua for the first time became appreciable, and 
reached a maximum in 1931. In the case of 7. repens there was no 
significant change during the first three years, but this was followed by a 
significant fall in 1931 and a very marked increase in 1932. 

In the permanent pasture L. perenne increased significantly between 
1928 and 1932, with a maximum in 1931, while P. trivialis increased 
significantly between 1929 and 1932. F. ovina between 1928 and 1930 

' The pasture was grazed with young fattening bullocks, sheep, and horses. For 


comparison it has been taken that one young bullock equals four ewes and one horse 
equals six ewes. 
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increased significantly but decreased in the next year. The contents of 
Agrostis spp., T. repens, and H. lanatus showed no significant changes. 
Between 1928 and 1930, the management of the two pastures was very 
similar, since they were both part of the same rotational grazing scheme. 
‘The younger pasture was grazed 10-17 days earlier than the old pasture 


TABLE 5 
Trial IV. Record of Manuring and Botanical Observations 
Fertilizers applied (lb. of N, P,O;, or K,O per acre) 


Pasture sown 1922 Old pasture 
Manuring | 1928 | 1929 | 1930 | 1931 | 1932 | 1928 | 1929 | 1930 | 1931 | 1932 
Nitrogen : | 116°2 | 67-2 | 69°6 | 69°6 | 63-2 | 65°0 | 52°0 | 5§2°0 | 5§2°5 
Phosphates (POs) . : 89°5 | 32°0 | 32°0 | 32°0 | g2°0 89°5 | 32°0 | 32°0 | 32°0 | 92°0 
Potash (K,O) - | 44°7| 15°6 | 15°6 | 15°6 44°7| 15°6 | 15°6 | 15°6 
Botanical composition: Percentage number of tillers 
Species 1928 | 1929 | 1930 | 1931 | 1932 | 1928 | 1929 | 1930 | 1931 | 1932 
Lolium perenne | 72 |10°7 | 280 | 37°5 | | 55°0 | 4I1°4 
Poa trivialis . | | 38°75 | 23°75 | 24°0 | 297°7 | 11°75 | 18°75 | 22°7 
Holcus lanatus | Sara 6°5 3°5 5°6 2°7 3°2 3°25.| 5°75 | 5:0 
Agrostis spp. : : 39 5°§ | 22°0 | 380 | 39°8 | 25°6 | 28°75 | 17°75 | 11°3 | 22°2 
Poa annua. 9°5 | 24°5 6:0 ae 
Trifolium repens. 70 6°5 3°5 725 | 53 4:25 3°5 6°5 7° 
Cynosurus cristatus ; 20°5 10°0 5°25 33 5°7 
Occasional species . 50 5°25 | o'7 


in both years. In 1931 and 1932 the management of the pastures was 
markedly different. Owing to a changed farm policy the younger pas- 
ture was no longer included in the grazing ae esa but was utilized 
for young stock. In 1934 it was very hard grazed during the first 
part of the season, but undergrazed during the latter half. In 1932 there 
was again heavy stocking, but in this case it extended over the whole 
season. 

These differences in management are reflected in the botanical 
changes on the pastures. Up to 1930 the changes in the species common 
to both fields were not markedly different, although on the younger 
sward Agrostis spp. increased and P. trivialis decreased, whereas they 
Ra unchanged in the old established turf. On the other hand, in 
1931, while L. perenne increased and T. repens remained unchanged on 
the older pasture, there were very striking reductions in these two 
species on the younger pasture, together with marked increases in P. 
annua, and Agrostis spp. The conclusion is therefore reached that over- 
grazing in the spring and undergrazing in the latter half of the season had 
brought about these changes. In 1932, however, in spite of the hard 
grazing during the whole season, there was no further decrease in L. 
perenne; this, it is suggested, was due to the beneficial effect on this 
species of undergrazing in the previous autumn. With 7. repens, on the 
other hand, the hard grazing in 1932 so increased its content that it 
regained all the ground lost in the previous season. 

Trial V. Drem, East Lothian.—The pastures on which the initial 
observations were made at this centre consisted of swards in their second 
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and third harvest years. The seeds-mixtures with which the pastures 
were sown in 1925 and 1926, together with the changes in botanical 
composition and the manuring, are shown in Table 6. In both cases the 
mixtures consisted of a large number of species, many of which did not 
survive the first harvest year. The bes dominance in 1928 of L. 
perenne, P. trivialis, and T. repens, together with the absence of ‘volun- 
teer’ species such as H. lanatus, suggested that the locality was highly 


"TABLE 6 
Trial V. Record of Manuring and Botanical Observations 
A = PASTURE SOWN IN 1925 B = PASTURE SOWN IN 1926 
Fertilizers applied (lb. of N, P,O;, or KO per acre) 
Manuring 1928 1929 1930 | 1931 1932 
Nitrogen . . | A 104°2| 115°0 58°0 
Phosphates (P,O;) |A 63°0 30°5_ | 78:0 
B_ 64:0 39°5 | 783 
Potash (K,O) |A 815 | -- | 33°6 22°4 
Rat 
Botanical composition: | porte Percentage number of tillers 
Species | 1928 1929 | 1930 1931 1932 
Lolium perenne . . | A go | 27°0 36°25 46°5 59°25 43°5 
| B 80 | 28-25 26°0 §t°75 53°0 
 ttalicum | A gro 3°0 0°25 
|B 70 | 13°5 | 
Poa trivialis . : ‘ | A ro | 23°25 32°25 | 39°75 17°75 28-0 
| B ro | 24°5 33°90 39°75 23°5 27°0 
Poa annua 3°0 | 4°25 
Dactylis glomerata . A 10'0 5°5 4°25 495 
B 80 | 10°25 75 | 9°75 4'0 3°8 
Phleum pratense A 2°0 1°25 200 
B 40 3°25 75 | 1 
Festuca duriuscula . A ro 
 elatior A o5 
B 2:0 0°75 | 
B 2:0 T | 
Avena elatior A o5 
(Dutch) | 35°° | #5 | | tras | 23°75 
-| B ro] 13°75 | 24°25 | 16:25 | 15°75 | 14°25 
| B 
hybridum -|A 20 
B 2:0 
Occasional species A20 | | o25 | O'5 
Br25 | o5 | OF | 0°5 
Percentage bare ground . | | 
37°5 


* Received liquid manure. 
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favourable for the development of these species, so that the inclusion of 
other grasses in the mixture was of little value for a permanent sward. 

The fertilizer treatment of the pastures did not markedly differ over 
the experimental period, except in 1930 when the pasture sown in 1926 
received liquid manure instead of nitrogenous fertilizers. 

The data of Table 6 show that many of the botanical changes were 
common to both pastures. P. trivialis in both cases increased significantly 
between 1928-30 and was depressed in 1931. It is not considered that 
the gradual elimination of D. glomerata or Phleum pratense can be 
attributed to either manuring or grazing, but rather to lack of persistency 
of the commercial strains sown. The occurrence of L. italicum in 1928 
was probably due to the successful establishment of self-sown seeds. 
Although in both pastures between 1928 and 1932 there were significant 
increases in the content of L. perenne, the increases did not occur in the 
same way. On the older pasture (sown 1925) the increase was gradual, 
reaching a maximum in 1931, but on the younger sward (sown 1926) 
there was no change in the content of L. perenne until 1930-1, when there 
was a large significant rise. 

In the case of 7. repens a comparison of the two pastures is to some 
extent complicated in that in one pasture 7. repens seed of Dutch origin 
was sown together with seed of English origin. It is, however, unlikely 
that any of the Dutch 7. repens persisted after 1928, since Williams [6] 
has shown that by the third harvest year, under the conditions at 
Aberystwyth, little of this strain remains in the sward. It is therefore 
possible that the decrease in clover-content between 1928 and 1929 on 
the sward originally sown in 1925 may be due to the final disappearance 
of the Dutch strain, but between 1929 and 1930 the significant reduction 
in 7. repens cannot be attributed to this cause. During the period 
1930-1 the clover-content again increased significantly, but remained 
unchanged in the following year. On the pasture sown in 1926 none of 
the changes was significant, the content of T. repens initially and finally 
being of the same order. 

It is difficult to ascribe the botanical changes in the two pastures to 
manuring. In the first three years when nitrogenous fertilizers were 
applied, in one case L. perenne tended to increase and in the other to 
remain unchanged (‘Table 6). Similarly, in the pasture sown in 1926 the 
T. repens content remained unaltered, but in the pasture sown a year 
earlier there was a decrease. ‘This decrease was followed by increases in 
1931-2 when no nitrogenous fertilizers were applied, but there was no 
parallel increase on the other pasture, which also received no nitrogen 
during these years. 

Trial VI. Hunmanby, Yorkshire.—This trial was on a typical wold 
farm in close proximity to the sea. The chalk is very near to the surface, 
the top soil being seldom more than g in. deep. The areas investigated 
were situated in two adjoining permanent pastures, namely Plots 1 and 6 
of the grazing trial. 

From Table 7 it is seen that the manuring of the plots was somewhat 
different in the first three years of the experiment. Over this period 
Plot 6 received rather less nitrogen, particularly in 1928, while in 
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addition no farmyard-manure dressing was given in 1929. In 1931 and 
1932 the manuring of both plots was of the same order. 

The botanical changes on the two plots were dissimilar in some respects. 
In Plot 1 the content of L. perenne remained unchanged during the first 


TABLE 7 


Trial VI. Record of Manuring and Botanical Observations 
Fertilizers applied (lb. of N, P,O;, or K,O per acre) 


Plot 1 Plot 6 
Manuring | 1928 | 1929 | 1930 | 1931 | 1932 | 1928 | 1929 | 1930 | 1931 1932 
Nitrogen . | 126°2| 56:2 | 30°6 | 64:6 | 63°38 | 39°6 | 46-4 | 69°6 | 69°6 63°8 
Phosphates (P,O;) . 63:0 44°0 93°O | §52°0 | | 35°0 93°0 
Potash (K,O) 31°3 | 33°6 | 33°6 46°4 | 46°4 | 33°6 33°6 46°4 
Botanical composition: Percentage number of tillers 
Species 1928 | 1929 | 1930 | 1931 | 1932 | 1928 | 1929 | 1930 | 1931 | 1932 
Lolium perenne 470 | 54:25 50°0 | 50°0 | 35°3 28'5 30°25 | 49°25 | 44°71 | 21°5 
Poa trivialis | 32°0 | 21°75 | 15°0 | 22°0 | 36°0 | 45°5 | 31°25 | 48°6 | 73°0 
Festuca ovina 6°5 5°5 16°75 | 16°0 | 19°0 2°0 1°75| 2°5 
Dactylis glomerata . xs | | a7 | 20 os | T 
Holcus lanatus | F | F T | 77 875 4:0 3°6 
Trifolium repens. 2°5 | wag | os | 7°25 | 13°O | 12°5 
Bellis perennis 2°5 375 Gas | §-25 1°25 
Occasional species 3°75 | 20 | T o'75 | I 


four years, but showed a significant decrease between 1931 and 1932. 
On the other hand, in Plot 6 L. perenne increased significantly between 
1928 and 1931 with a maximum in 1930, but in the fifth year, as on 
Plot 1, there was a marked reduction. Similarly with 7. repens, in 
Plot 1 no significant change took place between 1928 and 1932, but on 
Plot 6 while no change in clover-content occurred during the first three 
years, in the fourth there was a very marked reduction. The behaviour 
of P. trivialis in both plots was alike; between 1928 and 1930 there was 
a significant reduction and this was followed in the last two years by a 
significant increase. Of the remaining species none of the changes was 
significant with the exception of the significant increase of Bellis perennis 
on Plot 1 between 1928 and 1930, followed by a significant decrease in 
the next two years. 

At this centre a complete record was again kept of the duration and 
intensity of grazing during the experimental period. ‘These records have 
been summarized in Table 8. The data have been expressed on the basis 
of ewe-days per acre, since the plots were grazed to a great extent by 
ewes and lambs, although occasionally cattle were also introduced. ‘The 
ewe-days are shown for each month, and they have also been grouped 
for four periods, namely from February up to mid-May, from mid-May 
until end-June, July up to mid-August, and from mid-August to 
December. 

The changes in botanical composition again show little correlation 
with the manuring. For example, between August 1930 and August 
1931, although the manuring was very similar on both plots, there was a 
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significant reduction in the content of 7. repens in Plot 6, while in Plot 1 
this reduction did not take place. Comparison, on the other hand, of the 
grazing records and botanical changes suggests that the incidence of 
grazing had a marked effect on the sward. The grazing data (‘Table 8) 
indicate that the changes in L. perenne are largely controlled by the 


TABLE 8 
Incidence of Grazing 


(Ewe-days per acre) 


Plot 1 Plot 6 

Period 1928 1929 1930 | 1931 | 1932 1928 1929 1930 1931 1932 
Mar. 5 21 190 3 | | 263 | 216 | 126 | 92 
Apr. . | 288 | 181 | 239 52 | 100 | 46 | .. 
May | | 2271 | 268 | 24 | 320° | 280: | 208 
June | Ger | | .. | 26a | 250] | | 
July | £86 | 126 16 | 188 | sor | 225 | 288 | 478 | 
Aug. ‘ ; « | 960 | 286 | 17 58 | 412 | 287 | 370 | 214 | 448 | .. 
Sept. | 227 | 2x6 | 263 | 333 | 205: | 300 63 380 395 315 
Spring . | | 243 | 271 | 323 | | 251 | 487 | 126 | 210 
Early mid-seaso | | | 03 | 250 | 320 | 250 | 180 | 135 
Late mid-season . | S74 | 442 | 225 | 268: | Son | | 670 | | 
Autumn . “ . | 227 | 291 | 619 | 749 | Foo | 562 | 151 | 918 | 843 | 315 


* ‘Shut up’ for hay crop. 


stocking in the spring and previous autumn. In Plot 6 during the 1928-9 
season an autumn and spring intensity of grazing of 813 ewe-days per 
acre brought about little change in the content of L. perenne, but a 
decrease in intensity in the next year (638 ewe-days per acre) was corre- 
lated with an increase in L. perenne. Similarly in 1931 and 1932, when 
the grazing was extremely severe (1,044 and 1,053 ewe-days per acre), 
there was in both years a decrease in L. perenne. In Plot 1 the grazing 
records for the spring and autumn periods do not show such a direct 
relationship with the L. perenne changes. An increase in the ewe-days 
per acre from 470 in 1928-9 to 562 in 1929-30 was perhaps correlated 
with a fall in L. perenne. The heavy grazing, however, in 1930-1 (939 
ewe-days per acre) brought about no change, but still heavier grazing 
in 1931-2 (1,072 ewe-days per acre) led to a marked diminution. It is 
possible that on Plot 1 the heavy spring and autumn grazing between 
1930 and 1932 had a cumulative effect in weakening L. perenne. 

An examination of the grazing data in relation to the changes in the 
T. repens-content on Plot 6 suggests that putting the pasture up to hay 
had brought about the marked decrease, since in the previous years 
moderately heavy grazing during mid-season appeared to increase the 
clover-content. On the other hand, no diminution in 7. repens followed 
on ‘haying’ Plot 1 in 1930. However, these two cases are not strictly 
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comparable, since in 1930 the hay was cut at the ‘short-hay’ stage on 
June 1, while in 1931 mowing did not take place until June 26. 

In addition to the above changes there would also appear to be some 
correlation between the content of P. trivialis and the severity of grazing 
in the early mid-season period. Between 1928 and 1930 both Plots 1 and 
6 were more heavily stocked (except Plot 1 in 1930) than in 1931-2. 
This heavy stocking synchronized with a fall of P. trivialis in both plots, 
whereas the less severe stocking led in 193 1—2 to an increase in both years, 
the greatest increase occurring in 1932 when the stocking was lightest. 


Discussion 


These investigations have shown that on pastures which were rota- 
tionally grazed under the intensive system there was no definite trend 
of changes in botanical composition which could be related to the 
manuring. This finding is in accord with the fact that conflicting results 
were obtained by Fenton [1] and by Gardner and his co-workers [2, 3]. 
The variable nature of the botanical changes at different centres cannot 
be related in every case to differences in initial composition or to soil and 
climatic conditions, since even on adjacent pastures containing initially 
the same dominant species and receiving the same manuring, the botanical 
changes may be very different. In describing the results at the individual 
centres, these botanical changes have been attributed to differences in 
time and severity of grazing, and it might appear that undue stress has 
been laid on the importance of the grazing factor. In order to con- 
firm these conclusions and to obtain some idea of the mechanism by 
which grazing may bring about such changes, it is necessary to compare 
the seasonal-productivity curves of the chief dominant species found in 
the pastures investigated. It is suggested that differences in seasonal 
wnidactining are the key to the relationship between the grazing factor 
and the botanical changes. 

In Fig. 1 are shown the seasonal-productivity curves for L. perenne, P. 
trivialis, T. repens, and Agrostis spp., since, with the exception of Trial II, 
these species, collectively or severally, dominated the swards. These 
"gpa Atay og are based largely on the researches of Stapledon and 

is co-workers [7, 8, 9], who investigated the seasonal fluctuations in 
yield of plots sown with single species. It is probable that in a mixed 
sward the form of these curves will be influenced by competition. From 
general observations, however, it would appear that the seasonal 
‘flushes’ of each species are similar in swards containing either mixed or 
single species. 

Examination of Fig. 1 shows that if, between March and early May, 
stock were turned on to a pasture containing these dominant species (e.g. 
Trial IV), then the bulk of the foliage eaten would consist of L. perenne. 
Similarly, during September and October L. perenne would again be 
preferentially defoliated. It is clear that this heavy grazing during 
these periods weakens this species, and conversely resting the pasture 
during such periods strengthens it. This is in agreement with the 
results of Trials II, 1V, and VI. In Trial IV heavy grazing in the spring and 
in Trial VI, more particularly, heavy grazing in the autumn was associated 
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with a decrease in L. perenne. On the other hand, in Trial II, resting the 
pasture from March to June brought about an increase. 

On similar grounds it is put forward that heavy grazing during May 
and early June leads to a suppression of P. trivialis. On the other hand, 
it does not follow that light grazing during this period necessarily causes 
an increase of this grass, since during May it is competing with L. 


March April May June July Aug. Sept. Oct. 


Fic. 1. Seasonal-productivity curves of Lolium perenne, Poa trivialis, Agrostis spp., 
and Trifolium repens 


perenne, and the intensity of this competition is dependent on the 
severity of the grazing in the early spring and previous autumn. In 
Trial VI, under spring and autumn grazing conditions which did not 
adversely affect L. perenne, moderately heavy grazing in May and June 
led to a decrease in P. trivialis, whereas light grazing brought about an 
increase, especially when severe autumn and spring grazing had reduced 
the content of L. perenne. 

It is seen in Fig. 1 that not before June do the Agrostis spp. start active 
growth, and that a maximum is reached in July or August. Light grazing 
therefore at this period should be favourable and heavy grazing inimical 
to these species. Further, the ek gg of Agrostis spp. will be partly 
controlled by competition with both L. perenne and P. trivialis. The 
strength of this competition will again depend on the grazing treatment 
from March to May. In Trial IV overgrazing during the early part of 
the season followed by undergrazing in the latter half of the season led 
to a decrease in both L. perenne and P. trivialis, and a corresponding 
increase in Agrostis spp. In Trial I, in which the sward consisted 
largely of P. trivialis and Agrostis spp., normal grazing during the first 
half of the season and undergrazing during the latter half brought about 
no change. But undergrazing throughout the whole season increased 
P. trivialis and decreased the Agrostis spp. Undergrazing in the spring, 
being favourable to P. trivialis, siete in increased and more effective 


competition with the Agrostis spp. during mid-season. 
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The reverse of the conditions favourable for the grasses should lead 
to an increase in 7. repens, since in the opinion of both Stapledon and 
Milton [8] and Kénekamp and K@6nig [10], shading rather than defolia- 
tion is the dominant factor in reducing this species.'. Close grazing 
during mid-season (Fig. 1) should therefore cause this species to increase, 
and undergrazing lead to a decrease. Confirmation of the importance 
of the shading factor is shown in Trials I, II, III, IV, and VI. In 
Trials I and II persistent undergrazing resulted in significant reductions. 
In Trial IV undergrazing during mid-season in 1931 led to a large 
reduction, while in the following year hard grazing during this period 
brought about a marked recovery. In Trials II and IV ‘putting up’ the 
pasture to hay diminished the clover when the hay was harvested at the 
end of June, but not when the hay was cut on June 1. The probable 
explanation of this difference is that 7. repens does not start active 
growth before the beginning of June (Fig. 1), and therefore shading 
prior to this period has little effect on its subsequent development. 

Stapledon and Milton [8] have shown that nitrogenous manuring 
merely accentuates the shape of the seasonal-productivity curve of each 
species. Nitrogen, therefore, can influence changes in the composition 
of the sward only by making differences in time and severity of grazing 
more critical factors in bringing about such changes. For example, early 
— applications of nitrogenous fertilizers, by inducing growth earlier 
than normal in the spring, may result in either a greater defoliation or 
an increased vigour of L. perenne, according as the grazing is severe or 
lenient. Again, applications of nitrogen during mid-season may lead 
indirectly to a depression of 7. repens if the grazing is not carefully con- 
trolled, by causing increased growth of the grasses without a correspond- 
ing increase of 7’. repens, so that the shading of the latter by the grass«s 
will be more intense unless the extra growth of the grass is eaten off by 
sufficiently intense grazing. 

Selective grazing may also cause changes in the sward; it may not be 
bem if the pasture is grazed by cattle, but in the case of sheep the 
differences in palatability between species are more marked. On the one 
hand, L. perenne, P. trivialis, and T. repens are eaten with avidity; on the 
other hand, F. ovina, Agrostis spp., and H. lanatus may not, except in the 
young leafy stage, be grazed at all unless there is a shortage of keep. 
Undergrazing during the flushes of the unpalatable species leads there- 
fore to the palatable species being grazed and the unpalatable trodden 
under foot. Thus, unless Agrostis spp. are kept in check during June and 
early July, it is with great difficulty that they can be efficiently eaten down 
during August. Undergrazing in mid-season may, therefore, bring about 
a more marked increase in the Agrostis spp. or F. ovina than the increase 
in L. perenne caused by undergrazing in the spring. 

Although considerable stress has been taid. on the importance of the 
biotic factor in determining the botanical composition of the sward, it is 


' Experiments in progress have shown that JT. repens is very susceptible to a 
decrease in light intensity. 

2 A paper reporting the influence of nitrogenous fertilizers on the growth of pasture 
in the spring is at present in the press. 
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not suggested that the edaphic conditions do not also play their part. It 
might be expected that intensive manuring, by raising the level of soil 
fertility, would lead to the invasion of previously infertile areas by 
— with high manurial needs, provided that climatic conditions 
allowed of a successful establishment. With the possible exception of 
Trial I, it is unlikely that the soils were deficient in any essential 
element to a marked degree, since these species, such as L. perenne, 
were present in the swards. It would, therefore, not be expected that 
the addition of nitrogenous fertilizers would lead to a el change 
in the botanical composition of the sward. On the other hand, investiga- 
tions, not yet published, indicate that nitrogenous fertilizers applied to 
infertile hill pastures may act in this way. 

Finally, it must be emphasized that the investigations dealt with in this 
paper should be considered in relation to the results obtained by Jones 
{11, 12] from other work at this Station, in which the same general 
problem is being studied in a different manner. The results recorded in 
this paper were obtained from land under practical grazing conditions on 
ordinary grass farms. In the other work at this Station, the study of the 
botanical changes, instead of being subsidiary to the conduct of practical 
trials on the intensive system, formed the main feature of the experiments. 
By making deliberate differences in the time and intensity of defoliation 
of pasture herbage, it has been possible to bring about, experimentally, 
marked changes in the botanical composition of the sward, regardless of 
whether nitrogenous fertilizers were used or not. 

The investigations dealt with in this paper, and those of Jones, are 
thus entirely in accord in indicating that the changes in the botanical 
composition of a pasture, for example, the increase or depression of the 
clover-content, is primarily the result of the way in which the grazing is 
managed, and the influence of nitrogenous or other fertilizers is purely 
secondary. The use of these fertilizers may accentuate the importance of 
closer control of the grazing, but chon: Be such control is exercised, 
nitrogenous fertilizers may be used without danger of deteriorating the 
botanical composition of the sward. 

Evidence has been cited in this paper to show that the time and 
severity of grazing is the factor dominating the composition of a pasture 
sward, but it must be borne in mind that the dominance of this factor 
may be partly due to the use of nitrogenous fertilizers. Under other sets 
of conditions management of the grazing may be less important, but it 
would at least appear that, with a knowledge of the seasonal-productivity 
curves of the dominant species, it should be possible to foretell to some 
extent, in any pasture, the influence of variations in stocking on the 
botanical composition of the sward, and to prescribe the method of 
grazing best calculated to maintain the botanical composition, or to alter 
it in any desired direction. 


Summary 


Investigations extending from 1928 to 1932 were carried out on nine 
pastures in six different localities, differing both in soil and climatic 
conditions. Periodic determinations of the botanical composition showed 
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that under a system of rotational grazing and nitrogenous manuring 
there was no common trend of changes in the swards. Chuisuleen of the 
data for manuring and grazing with the botanical fluctuations indicated 
that differences in the time and severity of grazing from year to year had 
a greater influence on the botanical changes than differences in manuring. 
The conclusions reached are that: 


(i) Severe grazing in the spring or autumn leads to a suppression of 
Lolium perenne and, conversely, light grazing leads to an increase. 

(ii) Hard grazing during May and early June is unfavourable to the de- 
velopment of Poa trivialis. Light grazing, on the other hand, does 
not necessarily cause an increase of P. trivialis, since if L. perenne 
is present in the sward, any increase is governed by the intensity 
of the competition between these two species. ‘The intensity of 
this competition depends on the severity of the grazing either 
earlier in the spring or in the previous autumn. 

(iii) Undergrazing during mid-season results in the development of the 
Agrostis spp. and hard grazing in a decrease. Undergrazing at 
this period may give rise to a greater increase in the Agrostis spp. 
than similar treatment may affect L. perenne in the spring. This 
difference, it is considered, is due to the inferior palatability of the 
Agrostis spp. When stock are turned on the pasture in mid- 
season, much of the Agrostis spp. is trodden under foot and not 
eaten; in the spring L. perenne is grazed and not trodden down. 

(iv) Hard grazing during mid-season brings about an increase in 7. 
repens, and undergrazing or a late hay crop, a decrease. Under- 
grazing in May or an early hay crop does not reduce the content 
of T. repens. 

The mechanism by which grazing can bring about these changes in 
the sward would appear to be related to differences in the seasonal 
productivity of the dominant species. These differences lead to a 
differential defoliation according to which species is ‘in flush’ at the time 
of grazing. On such an hypothesis nitrogenous fertilizers per se can have 
little effect on the composition of the sward, except that such manuring 
accentuates the form of the seasonal-productivity curves, and thus ren- 
ders more critical and more marked in effect the differences in time and 
severity of grazing. 

These results and conclusions are thus in close agreement with the 
findings of the pasture-management experiments carried out at Jealott’s 
Hill since 1931. 

Finally, it is suggested that from a knowledge of the seasonal-pro- 
ductivity curves of the dominant species in any sward, it is possible to 
foretell to some extent the botanical changes likely to be produced by 
variations in stocking. 
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THE ROOT-SYSTEM OF COFFEA ARABICA 
Pt. 1. ROOT-SYSTEMS IN TYPICAL SOILS OF BRITISH EAST AFRICA 


F. J. NUTMAN 
(East African Agricultural Research Station, Amani, Tanganyika) 
WITH PLATEs 16-26 


Introduction 


THIS paper reports the results of an investigation of the root-system of 
coffee, carried out during 1932. It forms part of a programme for the 
detailed investigation of the physiology and anatomy of the coffee tree, as 
laid down at the Amani Conference in 1931[1]. Estates have been selected 
which represent the greater part of the areas under cultivated arabica 
coffee in Wasa. and at the same time show as wide a range of soil 
variation as possible. In addition, two areas in Kenya have been in- 
cluded for purposes of comparison. The data presented here are the 
results of field study only, and consequently the conclusions drawn from 
them must necessarily await experimental confirmation. In spite of this, 
it is thought advisable to publish this separate account of the field studies, 
since the subject has possible practical applications, and the necessary 
experimental work will be lengthy. 

Technique.—The bulk of the early work on root-systems was carried 
out by washing the soil from around the roots by means of a fine jet of 
water. In some researches the roots were held in place afterwards by 
means of a grid of wires. Weaver and his associates [2, 3] have abandoned 
this method in favour of, that described by them, which consists of 
working into the side of a trench with hand-tools, and following up the 
roots by breaking away the soil. The entire root-system is then drawn 
to scale in the field. When working on a large root-system, such as that 
of coffee, the method of Weaver becomes impracticable, for the following 
reasons: (1) as much as 2,500 cubic ft. of soil might have to be removed 
for a single tree; and (2) after a certain stage, work cannot be done on 
a soil-face without disturbing roots already partly excavated. 

As this investigation involved the excavation of large numbers of root- 
systems, with native assistance only, the procedure adopted was the 
water-method. It was found that by a suitable choice of methods roots 
could be followed up with some rapidity, and with but little damage. In 
certain areas where water was not available, hand-excavation was re- 
sorted to, but it is held that, in addition to being comparatively slow, the 
results are inferior to those obtained by the methods described below. 
As an indication of the rapidity with which roots can be excavated, the 
system shown in Fig. 7 (Rasha Rasha), which is in a rather difficult soil, 
was completely exposed in about 14 hours, excluding the time taken to 
dig the necessary trench. 

When coffee is growing on a slope it is usually possible to remove root- 
systems in their entirety, or at any rate to a depth of 6 ft. or so. The soil 
is washed away by a water-jet of 1 in. diameter, provided by a powerful 
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sextuple centrifugal pump, driven by a petrol-engine. Pressures up to 
55 lb. per sq. in. are available, but for most soils 25 lb. suffices. A jet of 
this size will pass through soil like a wire through cheese, but once the 
best method of using the hose has been discovered, it is surprising what 
little damage is done to even the finest roots. 

The soil is washed away in layers, and as each is removed any roots 
exposed are followed up to their terminations, field notes of root 
characters and distribution being made at the same time. By this means 
an accurate idea of root-distribution can be obtained. 

This method cannot be used on level sites, and even on slopes has in- 
variably been supplemented by the following. This has been se to be 
of more general use, and all the root-systems figured were thus exposed. 
It consists of working into the side of a trench by a water-jet, and expos- 
ing and drawing to scale a sector of the root-system. Although it is 
doubtless desirable to excavate and to draw the complete root-system, it 
is completely impracticable to do so with such a plant as coffee, owing to 
the large number of roots and the confusion that would result. It is 
therefore necessary to make some arbitrary selection of the roots which 
shall be taken to form the section of the system. This has been done as 
follows: 

1. The sector of the system is in the form of a triangular prism, the 
-_ being at the trunk of the tree, and the base, 6 or more feet away, 
about 12 in. in thickness. This is necessary in order to give any idea of 
the relative importance of the peripheral roots. , 

2. Those roots are selected which arise in the sector, or which, if 
arising elsewhere, bend into it within 12 in. of the main axis. 

3. Roots leaving the sector are shown marked at their cut ends with an X. 

At least two such sectors are made on slopes, at right angles to each 
other. On level areas a minimum of three trees of each age-group is 
taken where possible. This number is frequently exceeded. 

To prepare such a sector, a trench is dug about 4 ft. across and from 
6 ft. to 18 ft. long, with one vertical face 1 ft away from the trunk of the 
selected tree. The depth varies with the soil type, usually being about 
12 ft., though this is sometimes considerably exceeded. For the actual 
washing out, Drake and Fletcher spray-pumps of the Headland type 
have been used. The motor-driven pump is very suitable for such work, 
as ample, automatically controlled pressures are available. ‘Two hand- 
pumps, connected in series and worked by four labourers, will provide 
pressures up to 300 lb. per sq. in. They have been used when the motor- 
driven pump was not available. The pump is connected by suitable 
high-pressure hose to a lance, consisting of a 6-ft. length of narrow-bore 
gas-pipe to the end of which is secured 1 ft. of }-in. copper pipe. ‘The 
latter can readily be bent to a suitable angle, and to it brass nozzles of any 
desired diameter can be attached. The most useful jet sizes are + in. and 
4 in., though it is well to have in hand jets of ;|; and 3 in. These nozzles 
are designed to throw a straight lance-like water-jet. Spray obscures the 
work. It is advisable to use as fine a jet and as low a pressure as possible, 
60 Ib. and +; in. being the most generally useful combination. For cer- 
tain volcanic-ash soils, and for some hard subsoils, pressures as high as 
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300 lb. have been used. Great care has to be taken when using such 
pressures in order to avoid injury to the feeding roots. 

The soil surrounding the central roots is first washed away to a dis- 
tance of one foot or so. The roots obviously not in the sector are then 
cut off as close to the ‘tap’ root as possible, and the excavation of those 
roots whose bases are exposed is continued. As each foot or less of a root 
is exposed it is pegged into position on the soil face by means of long, 
pointed steel rods, which can be thrust or hammered into the soil. Fora 
single root-system, up to 100 are required. As the washing progresses, 
and as the hole fills up with mud and water, it is baled dry and dug deeper 
where necessary. Finally, the root-sector is completely exposed, with 
all the roots pinned in their natural position. A string grid of 1-ft. mesh 
is then erected on the soil face, as can be seen in Fig. 23. By the aid of 
this, the roots are drawn to scale in the field, it being frequently necessary 
to erect a scaffolding in the hole for this purpose. 

Where water is not available, or where rock occurs, excavation has 
perforce been by hand; in some districts rock has had to be chipped 
away by means of a hammer and chisel. 

The relation of the roots shown in such a section to the root-system as 
a whole has been carefully studied. After the section has been drawn, 
further exposures of roots behind those shown are frequently made. 
From such experience, and from that gained by the washing out of com- 
plete trees, it is held that the sections as drawn are a sound representation 
of the root-system as a whole, if it is remembered when studying them 
that, in order to reconstruct the root-system they should be imagined to 
be spun round on their axes. Undue prominence is necessarily given to 
the axial roots, and the peripheral roots, i.e. those more distant from 
the trunk are of greater importance than would appear from the figures. 

With regard to the relative merits of these le and those used and 
advocated elsewhere, I am of the opinion that, for field studies, this 
method is superior. It is willingly conceded that washing the soil away 
in cubes, and plotting the complete root-system in the solid, as is 
the practice at East Malling [4], is far more accurate; but the compara- 
tive rapidity of the method used, as well as its advantages where work 
has to be carried out single-handed, renders it the obvious choice. It 
appears to me to be very much better to make partial exposures of the 
roots of ten trees than to excavate one root-system with great accuracy. 
ena precautions have to be taken, however. ‘These are detailed 

elow. 

1. Work is always begun at the surface and is extended gradually 
downwards. With a little experience, the extreme tips of the roots and 
also of the main bunches of feeder-roots can be left zm situ, and their _ 
exposed with a knife. By this means the root itself forms its own attach- 
ment to the soil, though pinning by rods is always used as well. 

2. It is absolutely necessary to avoid undercutting the soil for obvious 
reasons. 

3. When stopping work momentarily for any purpose, care must be 
taken not to allow the jet to impinge unguided on any portion of the soil 


| face, as considerable damage may be done in a very short time. 
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4. The temptation when washing soil is to cut it away in small cubes, 
This must be avoided, or considerable loss of the finer roots will take 
place. The jet should be continually moving, and the soil should ‘flow’ 
away in the form of mud. 

. The deeper roots need more careful washing than the more super- 
ficial ones. The ratio between the number of feeders lost and the number 
remaining on the plant tends to increase with depth, since the feeders 
are frequently more delicate in the subsoil. In addition, the texture 
of the deeper soil layers renders it often impossible to avoid breaking 
away solid masses of soil. It is always wise to leave a few patches of 
undisturbed soil at various levels, and to expose the roots in these by 
hand or preferably by means of a fine jet at very low pressure. By this 
means drawings and descriptions can duly be corrected for loss of feeders. 

Data.—The following pages should be read with constant reference to 
the figures, which are on a uniform scale of one foot to each square. ‘The 
trees whose root-systems were studied, with the exception of those 
chosen for work on dieback, were the best available on each estate visited. 
Usually the selection was made by the planter himself, and only where 
practical difficulties rendered the excavation of those trees impossible was 
his choice disregarded. In all areas coffee appears to have fully developed 
the main lines of its root-system in 5 to 6 years from planting, and 
extension-growth of the main roots has virtually ceased by then, as can 
readily be seen by examining the root-tips, which, when undergoing 
length-growth, are swollen and club-shaped. Behind a growing tip the 
roots bear no feeders or branches for about 1 foot. Where possible, 
trees of 6-8 years old were studied for the purpose of determining the 
typical root-system. In a later section these root-systems will be dis- 
cussed in their relation to soil conditions. 

The arrangement will be mainly geographical, with the exception of 
the Meru ash soil, where the division into soil types is sufficiently obvious. 
The data on soil reaction, which are included where available, refer to 
the pH as determined by the hydrogen electrode on a 1 : 2}: : soil : water 
suspension of air-dried soil. ‘These data, together with the Table giving 
partial analyses of some of the soils encountered, are supplied by the Soil 
Chemist of this Station. 

The terms which will be used throughout, describing the roots, are 
briefly defined below. 

Permanents.—Those roots, together with their branches, which are 
above an arbitrary limit of } in. in diameter, and which make up the 
main framework of the root-system. 

Axial roots—The root or roots which run vertically downwards im- 
mediately below the trunk of the tree. 

Verticals.—Roots or portions of roots which at some point turn and 
continue downwards. 

Surface-plate—The system of roots which extends in the surface-soil. 

Feeder-bearers.—Small rootlets, lateral on the permanents, of thickness 
less than } in., showing limited secondary thickening, cutinized, bearing 
no root-hairs. 

Feeders.—Small, thin, short, white turgid rootlets, with well-developed 
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root-hairs, arising on the feeder-bearers or on the distal portions of the 
permanents, where these are very young and themselves take on the 
character of feeder-bearers. 


The Kilimanjaro Loams and Clay Loams' 


The greater part of the coffee on this mountain is grown on loam soils 
of a brown or brownish colour, though some, e.g. the Kikafu soils, are 
distinctly reddish. They are all derived from volcanic ejecta of Kiliman- 
jaro. Little has been published on these soils, and they still await 
adequate description: hence no attempt will be made to recognize soil 
types. Brief notes of soil-characters will be given. 


Area I. Mamba.—Altitude 3,900 ft. Rainfall ca. 45 in. (2 trees excavated). 

The soil is a dark reddish-chocolate clay loam, having a very slight 
mauve tinge in the surface-soil, and is loose and friable in the top 7 in. 
and of ‘crumby’ structure to 1 ft. 6 in. Below this level it becomes very 
hard, and resembles a breccia, the stones being represented by hard soil 
aggregates. At 11 ft. an orange tinge appears, and at 14 ft. the soil is 
becoming grey. From 5 ft. downwards may occur occasional boulders of 
a non-scoriaceous lava, which skin on weathering. 

A root-system typical of this area can be seen in Fig.1. Penetration is 
to very considerable depths, 13 ft. 4 in. in one tree being the greatest 
recorded. The top laterals run horizontally with a downward tendency, 
and are but slightly branched. The feeder-bearers arising on these do 
not show that tendency to rise abruptly to the surface which characterizes 
some other areas, but are uniformly clustered round the roots. ‘The 
maximum concentration of feeders is the 4 ft. level. ‘There is a tendency 
for the laterals and their, branches to turn down and to assume the 
character of verticals, but this is not well marked. (Compare with Figs. 6 
and 10 from other areas.) 


Area II, Kibosho.—Altitude 4,100 ft. Rainfall 50-60 in. (3 trees exca- 
vated). 

The soil is of a milk-chocolate colour with a faint mauve tinge. It is 
rather clayey and harder than that of Area I. At 3 to 4 ft. it becomes 
redder, and at 7 ft. is orange brown, containing orange nodules. From 
3 ft. to 8 ft. particles of weathered lava occur. 

Root-systems typical of this area are illustrated in Figs. 2 and 18. The 
tendency for the laterals to turn downwards is still present, but to a less 
degree. It is unfortunate that no tree of known history was available 
here. Dieback is known to have occurred in this district; the subsoil is 
acid; and in view of what will be put forward later on the influence of 
dieback and soil reaction on the root-system, it is thought that the bare- 
ness of the root-system in Fig. 2 may be due to both acidity and dieback. 
The system figured may not be typical of trees having histories free from 
dieback. 


' In order not to anticipate any names which may be put forward later as the out- 
come of the East African Soil Survey, and having reference to specific soil types, it 
should be understood that any names used here (e.g. the Engare Olmotonyi Soils) are 
for convenience only. 
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Area III. Kikafu.—Altitude 3,700 ft. Rainfall 35 in. (5 trees excavated), 


The soil is a heavy, red clay loam, brighter in colour than is normal in 
the Kilimanjaro soils. Irrigation is occasionally practised in the dry 
season. Even the surface-layers are hard, while from 13 in. to 24 in. is 
a hard-pan which is exceedingly compact even when moist. All hole- 
digging in this area has had to be by pick-axe, and the hard-pan itself was 
only penetrated with difficulty by this means. Below 2 ft. the soil 
becomes slightly and progressively softer and brighter in colour to a 
depth of 12 ft. At all depths it is fine and of ‘crumby’ structure. 

oot-systems typical of this district are shown in Figs. 3 and 19. Both 
Kent’s and Bourbon varieties of C. arabica were studied, there being 
little or no difference in their root-systems. The effects of the hard-pan on 
growth are of some interest and will be discussed later. The development 
of the feeders in the top-soil is much greater than in Areas I or II, and there 
is a definite though not well-marked tendency for the feeder-bearers of the 
surface-plate to rise to the surface of the soil. The tendency of the laterals 
to turn downward and become verticals is more noticeable than in the 
preceding areas. The depth of penetration of the roots is also great, and 
their reaction to the presence of an old termite garden and gallery at a 
depth of 5 ft. 6 in. and at a distance of 2 ft. 6 in. from the axial roots is 
shown in Fig. 3. In this region a remarkable development of feeders 
has taken place, which is thought to be a response to the increased aeration 
afforded by the old garden and the channels radiating from it. 

A sharp distinction is to be seen between the feeder-bearers above and 
below the 2 ft. 6 in. level. The deeper ones are much longer and bear 
the feeders at their distal ends. The deeper portions of the root-system 
bear fewer feeders than the more superficial roots, apart from places 
where root-growth is affected by the presence of termite activity. 


Area IV. Engare Nairobi.—Altitude 4,350 ft. Rainfall 21 in. (4 trees 
excavated). 

Several soils can be seen in this area, and two were studied as being 
typical of coffee plantations in this district. 

(a) ‘Red Soils’. These are reminiscent of the soils of Area I in surface- 
colour and appearance, but are rather more sandy and erodible. ‘The 
slight mauve cast in the surface-soil is also more obvious. There appears 
to be little change in the soil from the surface to 3 ft. though two hard- 
pans occur, one from } in. to 3} in. and the second from 1 ft. g in. to 2 ft. 
6 in. These render the washing out of roots somewhat difficult. 

(6) ‘Brown Soils’. These soils are very much darker than the preceding, 
and correspondingly easier to wash. They occur in the area 2 sear by 
a calcareous hill, and probably are soils of the ‘red’ type, modified by the 
presence of lime. Hard-pans occur, but are not obvious, and the soil is 
apparently uniform to a — of 3 ft. Coffee is grown under constant 
irrigation on both soils, and it is apparent that the water-capacity of the 


second soil is much greater than that of the first. 

Both these soils overlie, at a depth of 3 ft. or so, a layer of hard rock. 
This is of interest in that it does not appear to resemble any of the lavas 
or their decomposition-products to be seen in the district. It can best be 
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described as resembling a mud-stone in which have become embedded 
damaged crystals and pseudomorphs, with a proportion of worn and 
abraded pieces of volcanic rock. It is almost granite-hard to water or to 
a pick-axe, yet can readily be broken in the fingers by applying a bending 
strain. Greyish in colour, with tinges of brown and green, and almost 
white when dry, it is reminiscent of some of the Meru ashes and tuffs. 

A tentative hypothesis as to the origin of the soils of this area is as 
follows: the nearby Mount Meru was subjected long ago to a series of 
violent eruptions, one of which resulted in the production of the vast 
crater, 4 kilometres across, facing Kilimanjaro, and containing the 
smaller and more recent craters. It is suggested that this eruption or 
others scattered a good deal of the coarser debris on the lower slopes of 
Kilimanjaro, which would tend to be washed down into the gentle 
valleys around the Engare Nairobi.' (I am informed that on the crests 
of ridges the underlying rock does not appear.) A mud-flow of this sort 
would become consolidated, and if covered later by water-borne deposits 
from Kilimanjaro would give rise to the type of soil seen. That the sur- 
face-soil in this district can readily be transported by water is only too 
apparent. The effects of injudicious irrigation have caused the loss of 
a considerable amount of soil on gently sloping estates in very few years. 

Root-systems here are naturally limited by the layer of hard rock at 
3 ft., as can be seen in Fig. 4. ‘There is a marked downward-turning 
tendency of the laterals, which are characterized by a large proportion of 
unbranched roots. The feeder-bearers are short, thin and evenly dis- 
tributed. The feeders are also noticeable by their fineness and delicacy. 
Penetration of the mud-stone layer occurs through cracks to a distance of 
1 ft. and less, though the development therein is but small, as the cracks 
are not extensive. The roots are practically confined to the top 3 ft. of 
soil, which they traverse in all directions. 


The Kenya Loams 


Some of the best coffee trees in East Africa are grown on soils of which 
those found at Kabete and Kiambu can be considered typical. Root- 
systems in these districts have been studied for comparison with those of 
Tanganyika. The soil in both areas is of volcanic origin, derived from 
weathered sheet-lavas. 


Area V. Kabete.—Altitude 5,700 ft. Rainfall 35-40 in. (3 trees 
excavated). 

The soil in this area consists of brownish surface-soil overlying a 
brighter and redder subsoil. ‘The surface-layer varies from 6 in. to 8 in. 
deep. From the surface down to about 2 ft. the soil has a “crumby’ 
structure; thereafter though still soft it is non-crumby and still retains 
the structure of the parent rock. Traces of this in the form of small, 
much-weathered stones occur from 10 ft. downwards. This soil, 


' Engare is the Masai word for ‘water’, and is frequently used in the naming of 
rivers. Engare Nairobi, cold water. Engare Olmotonyi, bird water, and so on. The 
word will be retained throughout this paper when referring to rivers named in this 
manner by Masai, and ‘river’ will not be prefixed. 
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although it resembles a clay loam, is very well aerated by a network of 
small holes penetrating the soil in all directions and, apparently, the root- 
traces of a former vegetation. Considerable amounts of manure! have 
been added to the soil in various forms, and more especially has it been 
trenched between the rows of coffee. 

A typical root-system is to be seen in Fig. 5. It is characterized by 
a more marked development in the top-soil than previously seen, and by 
the density of feeders in manured regions. The laterals of the surface- 
plate tend to turn downward and to become verticals, but do not pene- 
trate to any great depths. Many of the deeper laterals become verticals 
within a short distance of the axis. Both feeder-bearers and feeders are 
numerous and branched in the top-soil. Below 3 ft. the feeder-bearers 
are more scanty, longer, and bear simple feeders. 


Area VI. Kiambu.—Altitude 5,650 ft. Rainfall ca. 45 in. (3 trees 
excavated). 

The ridge of the Kiambu district selected for work has been considered 
to be one of the finest coffee-growing districts in Kenya. It produces 
coffee of good quality, and large and regular crops are common. 

The soil is not dissimilar from that of Kabete, but the surface-soil is 
deeper and much darker. The ‘crumby’ layer is 3 to 4 ft. in depth and 
passes, as in Kabete, into a region preserving the structure of the parent 
rock. It is considerably softer than the Kabete soils and is aerated in the 
same manner. Large amounts of manure are regularly added to the soils in 
this area. The trees excavated were seventeen years old, and during their 
lifetime each had received 14-16 four-gallon tins of fresh goat manure. 

A typical root-system is illustrated in Fig. 6. The most striking point 
in this area is the great development of the laterals, feeder-bearers, and 
feeders of the surface-plate. It is impossible to convey any adequate 
idea of the density of feeder-growth in the surface-soil by diagrammatic 
drawing. Some idea can be gained from Fig. 23, but it is to be noted 
that quite half the feeder-bearers in the surface-soil had been removed 
prior to the taking of this photograph. Deep penetration, both by axial 
roots and by laterals, occurs; but the feeder-bearers on the deeper por- 
tions of the root-system are not by any means so numerous as those in 
the surface-plate. In addition, the feeder-bearers in the top-soil are 
thick, lengthy, and highly branched, bearing complex feeders. Those in 
the subsoil are thin and delicate, are unbranched, and bear thin, simple 
feeders. These roots will be discussed later in their relation to soil 
acidity and manurial treatment. 


Mondul Loams 
Area VII. Rasha Rasha.—Altitude 5,350 ft. Rainfall 35-40 in. (4 


trees excavated). 

These loam soils, characterized by their neutral reaction, occur round 
the base of Mount Mondul, about 25 miles from Arusha. On the basal 
slopes of the mountain can be found old trees of indigenous coffee. 


' Where ‘manure’ is used in this paper it refers to organic manure, i.e. farmyard 
manure, dried cattle manure, or compost. 
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Type I.—This soil is a heavy clay loam, brown in colour, becoming 
slightly and progressively redder to a depth of 10 ft. The surface cakes 
when dry, the cakes readily falling apart when moist. The soil is very 
hard and compact, and the labour of digging the necessary holes was, 
perhaps, greater than in any other area. From 2 ft. 6 in. downwards it is 
very hard, compact, and soapy. 

The root-system is illustrated in Fig. 7. It is characterized by the small 
volume occupied in comparison with other areas, and by the large num- 
ber of feeder-bearers. ‘The greatest development of roots is to be found 
in the surface-soil near the trunk ; but in all other parts of the system the 
development is uniform, and only very slightly less dense than that under 
the spread of the branches. ‘The trees investigated here had been 
mulched round the trunk, and had also received some chicken manure 
in the same place. It is thought that the slightly increased local root- 
growth observed is due to these practices. The downward-turning 
tendency of the top laterals is not noticeable, though deeper laterals 
become verticals in the normal manner. The root-system as a whole is 
radial, occupying a hemisphere whose centre is at the base of the trunk. 
The maximum spread is to 5 ft. from the trunk, and the greatest depth 
recorded is but 5 ft. g in. The feeder-bearers are short, frequently 
branched, and very numerous, while the feeders themselves are highly 
branched, and occur at very close intervals on the feeder-bearers. 

Type II.—This soil is slightly darker at the surface than that of 
Type I, and becomes progressively darker in the deeper layers. Below 
2 ft. itis almost black. It is a clay loam, rather similar in general features 
to Type I but softer and more ‘crumby’. The trees in this soil were, 
unfortunately, of a different age and of a different variety from those in 
Type I, consequently no accurate comparisons are possible. 

The roots in general features resemble very much those described and 
figured for soil type I. They are small, very evenly distributed, and 
characterized by a dense mass of feeders at all depths. The radial 
character of the system is not so obvious, there being a tendency for the 
laterals at all depths to run parallel to the soil surface and to become 
verticals only rarely. 


Meru Loams 


These loam soils stretch in a southerly direction from Arusha, round 
Meru, to the neighbourhood of the Usa River, where they pass into ash 
soils with an underlying lava table similar to those described under the 
ash soils. They vary considerably in colour from black to browns, and 
are clayey in nature. They may be derived from Meru ash soils which 
have weathered to a greater extent than in other areas, possibly due to 
the higher rainfall and temperatures on this side of the mountain, or they 
may be the products of older ejecta. Some of the soils, notably those near 
Usa, are very reminiscent of some of the ash soils. 


Area VIII. Engare Sero.—Altitude 4,300 ft. Rainfall ca. 40 in. (3 trees 
excavated). 


This soil is dark-grey with a brownish cast, is very clayey and cohesive, 
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and appears to have little pore-space. When thoroughly dry and 
pulverized it is ashy in appearance, as can be seen on roadsides. At 
a depth of a little over 2 ft. orange nodules occur, and at 3 ft. is a transi- 
tion to a browner soil, with concretions. Below 4 ft. the soil takes on 
a more orange tint, and becomes much harder and more compact. 

A typical root-system developed on this soil can be seen in Fig. 8. 
It is characterized by very poor development of the original axial roots. 
‘These have been replaced by verticals of lateral origin. The surface- 
plate is well developed; and in this district there is little doubt that the 
coffee tree is mainly surface rooting, i.e. the bulk of the feeders is in the 
top-soil. ‘The downward-turning tendency of the surface laterals is 
present, but penetration of these verticals is to 2 ft. 6 in. only. ‘The roots 
ramify in a rather open manner to about 4 ft. from the surface, but 
feeder-bearers and feeders are scanty below 7 to 8 in. Only one root 
extends below 4 ft. 10 in. and that follows a large root-trace, producing 
both feeders and feeder-bearers inside the cylinder left by the old root. 
From this, from root appearance, and from the soil texture, it seems 
possible that the deeper regions of the soil in this district are poorly 
aerated. It is unfortunate that no pH data are available for this area. 

Nearby, a soil showing a transition from the normal clay loam to the 
‘black cotton soil’ of the plains is to be seen. This contains a seam of 
coarse pebbly gravel at depths of 3 ft. 4 in. to 3 ft. 10 in., which com- 
pletely inhibits root-penetration. 


Area IX. Usa.—Altitude 3,900 ft. Rainfall 38 in. (5 trees excavated). 

The soil in this area is of two types. 

Type I.—The surface-soil is grey with a brown tinge, and becomes 
black when wet. The top foot is friable and ‘crumby’, and below this the 
soil becomes more clayey, browner, and harder. This layer persists till 
at 5 ft. nodules and disintegrating stones are to be seen, od at 6 ft. is 
a bed of decaying stones of an orange-brown colour, embedded in an 
almost black matrix. This layer is about 2 ft. 6 in. thick and is 
succeeded by a greyish clay. At 1o ft. 6 in. a layer of water-worn pebbles 
appears. 

he roots here penetrate to but 6 ft., probably being limited by the 
same aeration qundiiees as at Engare Sero. The feeders are evenly dis- 
tributed in the top 3 ft., the feeder-bearers being short, rarely branched, 
and evenly distributed on the roots. As this area has recently tec deeply 
ploughed and subsoiled, extensive mutilation and regeneration of roots 
is to be seen. Fig. 9, illustrating soil type II, represents sufficiently 
accurately the type of root-system seen in this soil. 

Type 1I1.—The soil is rather browner and lighter than that of Type I. 
At 5 ft. 10 in. it passes abruptly into a hard pebbly layer, with a water- 
table at 7 ft. 9 in., due to an adjacent irrigation channel. A typical root- 
system is illustrated in Fig. 9 and calls for little comment. The limita- 
tion of penetration in soil type I is held to be due to the pebbly layer and 
to the high water-table. As the soil is light, there does not seem to 
be much probability of poor aeration. In Type I, on the other hand, 
lack of aeration is suspected to be inhibiting root-penetration. The fact 
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that penetration is inhibited in both types at nearly the same depth is 
thought to be merely a coincidence. 


The Volcanic Ash Soils of Meru 


A considerable amount of coffee is grown on the volcanic ash soils that 
form a belt running west and northwards from Arusha round Mount 
Meru. They are of recent origin, and in spite of the considerable range 
of climate under which their development is proceeding they have much 
in common. They are uniform in texture at all depths, being apparently 
the product of one large deposit of ash, and with the exception of the 
area typified by the Sanya soils are of great depth. ‘The ultimate particles 
of fragmented lava composing these soils have a micro-vesicular structure. 
Consequently the water-absorbing powers of these soils are remarkable. 
Little weathering to clays has taken place, especially in the Ol Doinyo 
Sambu area, where the ash is either of a more recent origin, or more pro- 
bably has weathered more slowly owing to lower temperature and less 
rainfall owing to this they are not muddy when wet, especially in the 
above-mentioned area, where the soil is of almost a rock-like hardness 
after rain. By contrast they are exceedingly dusty when dry. ‘The colour 
varies from very dark grey near Arusha, through light greyish-brown in 
the neighbourhood of the Engare Olmotonyi, to a pale grey with a slight 
yellow tinge at Ol Doinyo Sambu. When thoroughly wet they become 
very much darker—almost black—in all districts. 

For purposes of comparison they fall into three classes. 


Area X. Engare Olmotonyi Soils (17 trees excavated). 


These soils are developed under a rainfall of 25—30 in., and stretch from 
Arusha tothe Engare Olmotonyi. The altitude ranges from about 4,500 ft. 
to 5,300 ft. The belt of soil of this type is fairly wide, and is rather 
densely planted with coffee. ‘These an are what would normally be 
termed very dusty; but they contrast sharply with the extreme dustiness 
of the soils in Area XI. 

The soil in this area is very uniform at all depths, and usually has 
little crumb-structure, except in the district near the Burka stream, 
where weathering has proceeded rather more rapidly, and where a ten- 
dency to loaminess is present in the top-soil. Except in the neighbour- 
hood of the Selian and the Burka streams it is very deep. In this area 
occurs, at depths varying from 6 ft. to 8 ft., a stratum of a soft crumbly 
stone, composed of coarsely granular, angular, gritty fragments, of high 
specific gravity. It varies in thickness from 8 in. to 12 in. and in places is 
represented by a gritty unconsolidated layer. ‘The stone is penetrated 
by a number of holes suggesting termite activity prior to consolidation, 
and contains very numerous, well-preserved fossils of grasses, dicoty- 
ledons, and seeds. These have apparently been preserved in situ. From 
the sharply angular nature of the fragments composing the rock, it 
appears to consist of volcanic ejecta which, falling in a fairly cool state on 
a pre-existing vegetation, have preserved it. Below this layer is about 
1 ft. of a soil similar to that above it, which is succeeded by a 2 to 3 in. 
thick stratum of a very finely laminated blue stone, much resembling 
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a mud-stone. ‘The latter is represented in certain profiles by a coarser 
unconsolidated layer. ‘The root-systems to be found on this type of soil 
can be seen in Figs. 10, 11, 12, 13, and 20. Coffee trees in this area 
exhibit a marked tendency to ‘overbear’, and, in view of what will be put 
forward later on the influence of overbearing on the roots, the systems 
illustrated will be discussed in another section of this paper. It was 
found to be virtually impossible to secure trees having a known history 
free from overbearing, and nearly all the trees excavated showed some 
trace of damage due to this cause. 

In this district the characteristics of the root-systems of trees not 
having overborne appreciably can be summarized as follows: 

1. Unusually rapid growth. Fig. 20 illustrates a 2}-year-old tree. 
The depth of penetration and spread, the large number of points where 
active length growth is taking place (shown enclosed in circles), and the 
general appearance of the system are different from those noted in other 
areas. (Compare Figs. 18 and 19, showing trees of similar age from 
Areas II and III.) 

2. Pronounced tendency for the laterals to turn downwards. See 
Figs. 10 and 20. 

3. Rather less development of feeder-roots in the surface-soil than is 
normal. 

4. Development of long, and frequently much-branched, feeder- 
bearers at all depths. 

5. Even distribution of feeders at all depths. 


Area XI. The Dusty Soils (§ trees excavated). 


These soils stretch from the Engare Olmotonyi to the borders of 
Kampfontein, and are developed at a higher altitude (ca. 6,000 ft.) and 
a lower rainfall (20-5 in.) than the soils of Area X. Their most marked 
character is their extreme dustiness. Roads cease to exist in the dry 
season. ‘Their place is taken by dust-beds of great depth and of such con- 
sistency as to render travel both slow and unpleasant. It is not uncom- 
mon, on recently ploughed land, to wade over the knees in the dry soil. 
This resembles nothing so much as slightly gritty talcum powder. With 
so small a rainfall, the soil dries out to great depths when uncultivated. 
At the end of the dry season it is completely dry at a depth of g ft. and 

robably at greater depths. It is more than doubtful if the soil ever 
even: moist in the Sal horizons. With cultivation, however, the 
production of a dry soil mulch 3 to 4 in. thick appears to protect the soil 
almost completely from evaporation. At the end of the dry season soil 
under coffee is quite moist at 4 in. from the surface, and remains moist 
down to 12 ft. Owing to the low rainfall and absence of leaching, this 
soil exhibits that fertility which is so general a characteristic of arid soils. 

In this soil type the development of root-systems is not dissimilar 
from that in Area X. It is illustrated in Fig. 14. The main difference ts 
in the slightly shallower system, the less marked elongation of the feeder- 
bearers, and in the more open character of the root-system as a whole. 
Feeder-bearers are evenly distributed at all depths, but are less dense 
than normal. The impression given by these systems is that they have 
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developed with a sufficiency of nutrients, in a soil with no marked 
variation of properties from place to place and apparently allowing of 
fairly rapid transport of water in any direction. 

The even characteristics of the root-systems in the two types of volcanic 
soil considered above can well be related to the properties of the soil so 
far as they are known, and to properties which can be inferred. In this 
area we find a soil which is remarkably even in all directions. It is 
neutral, or nearly so, at all depths. Its peculiar water-relations F selgesn 
of a very even water-distribution. It is soft and deep, and offers no 
mechanical hindrance to root-penetration, except in the Burka-Selian 
area, where the stony layer, previously referred to, is at too great a depth 
appreciably to limit root-development. 


Area XII. Sanya soils—Altitude 4,200 ft. Rainfall 45 in. (7 trees 
excavated). 


These soils, which have been investigated at Sanya Juu only, probably 
form a belt extending from the neighbourhood of the Engare Nanyuki 
round the north of Meru as far as the Maji ya Chai River near Usa. They 
consist essentially of a volcanic ash, or a soil obviously derived from 
volcanic ash, overlying at little depth more or less undecomposed lava. 
Root-systems on this soil have been found to conform to two well-defined 
types, as in the areas worked over two separate subsoil conditions were 
encountered. 

Root-type I (Fig. 15).—This occurs on a soil which is derived from the 
volcanic ash that covers the whole area. The soil still retains its ashy 
character, but, owing to the dense bush-growth in this region, has 
received a considerable admixture of organic matter; it overlies, at depths 
of g to 12 in., a decayed lava that is very pervious to water, and owing to 
the high water-table, is nearly always moist. ‘These root-systems show 
definite inhibition of growth by the presence of subsoil water, which 
exists as a permanent moving water-table at 2 ft. ro in. "The maximum 
penetration of any root was found to be 15 in. and from 1 ft. downwards 
no root-hairs were present; and the peculiarly swollen and gelatinous 
root-caps suggested the advisability of further excavation for the purpose 
of determining the height of the water-table. ‘The root-system is super- 
ficial in the extreme, only the surface-plate being at all well developed. 
The downward-turning tendency of the laterals is inhibited, the bulk 
of the roots being confined to the top 1o in., whilst the majority of the 
feeders are in the surface 3 in. 

Root-type II (Fig. 16).—The soil here is a lightly modified volcanic 
ash, overlying at an average depth of 12 in., a hard, practically un- 
weathered lava. This, however, is plentifully seamed with cracks. As 
is to be expected, the feeders are mainly confined to the surface-soil, 
but, probably owing to the low water-table, the laterals tend to turn 
downwards. Frequently they are forced to turn upwards again, but in 
many cases they penetrate ph —s distances into cracks. Roots 


have been followed for a distance of 4 ft. through the lava, and even then 
were not completely excavated, because of the amount of time involved 
in removing the lava with a cold chisel. Fan-like masses of feeder-roots 
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are present in the cracks of the lava, but in spite of the surprising pene- 
tration, there is no doubt that by far the greatest region of root-develop- 
ment is in the surface-layer of soil. 


Usambara Loams 


Area XIII. Kwamkoro.—Altitude ca. 3,000 ft. Rainfall 80-100 in. 
(6 trees excavated). 


The area chosen as typical of Usambara conditions, or at least of those 
in the eastern Usambaras, was the old German coffee estate of Kwam- 
koro, which now forms part of the Amani Research Station. 

The soil is derived from gneiss, and is a sandy loam, generally 
developed on steep slopes, but surprisingly resistant to erosion. The 
nature of the soil and the high rainfall suggest that it is — highly 
leached. The surface-soil, 6 in. in depth, is loose and friable, and of a 
light-brown colour. Below this the pe: still of fine texture to 1 ft. 6 in. 
and red-brown. Below 1 ft. 6 in. it is orange-brown, and of a much 
‘rawer’ appearance, being more gravelly, and containing soil aggregates 
composed of stones that have weathered almost completely in situ. 
At 5 ft. the soil is merely brashy, decomposed gneiss. ‘he pH data for 
this area are from the excavation-hole used for the tree figured. The 

lantation having been subjected for many years to periods of neglect, 
it is possible that the extensive growth of grasses and weeds, by restricting 
aeration, has accentuated the development of superficial roots. 

The typical root-system, illustrated in Fig. 17, is unlike any previously 
recorded. Development is practically confined to the surface-plate, 
these roots showing little trace of any downward-turning tendency. ‘The 
radial spread of the root-system illustrated is g ft., but the maximum 
recorded in this area is to 15 ft. from the trunk. Feeder-bearers on 
laterals of the surface-plate are few in number, and tend to rise steeply 
to the surface-soil and to ramify therein. Feeders are largely confined 
to the top 6 in. of soil. The axial roots penetrate to 6 ft. 10 in., but pro- 
duce few feeder-bearers, and still fewer feeders. 
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Fic. 18. AREA II. KIBOSHO 
2}-year-old tree 


Fic. 20. AREA X. ENGARE 
OLMOTONYI 


2}-year-old tree 
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Fic. 19. AREA III. KIKAFU 
2}-year-old tree 


Fic. 21. Comparable portions of perma- 

nents from two trees of the same age and 

from the same estate. A has no dieback, 

whereas B was dying back at the time that 

these roots were taken. Note the loss of 

feeder-bearers on Band the reduction of the 
absorbing surface. 
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Area VI 


Portion of root-system of 17-year-old tree at Kiambu. 
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THE ROOT-SYSTEM OF COFFEA ARABICA 


Pt. WI. THE EFFECT OF SOME SOIL CONDITIONS IN MODIFYING 
THE ‘NORMAL’ ROOT-SYSTEM 


F. J. NUTMAN 
(East African Agricultural Research Station, Amani, Tanganyika) 
The ‘Normal’ Root-system of Coffee 
A GLANCE through the illustrations at the end of Part I will show that 
the root-systems of coffee can be considerably modified by varying soil 
conditions. It is to be assumed that the root-system in any given 
place is the one developed under the influence of the complex of local 
soil factors. As such it can be considered to be the ‘normal’ for that 
particular area, but the concept of a multiplicity of norms is not helpful. 

Early in this work it became apparent that a mental picture of an ideal 
root-system had been empirically and almost unconsciously acquired. 
In places where root-systems did not correspond, the deviation could 
often be accounted for by local soil conditions. 

The concept of many norms is thus replaced by that of one ‘normal’ or 
‘ideal’ root-system, modified in various directions by prevailing soil 
conditions; the problem being to define the normal. ‘The definition 
given below has been arrived at by two methods. Firstly, all trees in 
situations which offer obvious reasons for considerable modification can 
at once be ruled out. As examples can be cited the cases illustrated by 
Fig. 15, where the downward penetration of the roots is definitely in- 
hibited by the presence of a high water-table, and Fig. 16, where a pan of 
rock occurs and stops downward growth. If areas where root develop- 
ment is limited by such conditions are eliminated, then by considering 
the root-distribution and type of root-growth characteristic of other dis- 
tricts, a ‘normal’ root-system can be defined. Examples of such root- 
systems are shown in Figs. 3, 5, 7, 10, and 14. 

Secondly, all trees showing any signs of abnormality in their above- 
ground portions can be discarded. Only those root-systems attached to 
what may be termed good and typical coffee-trees are considered, and if 
any of these is found to be growing in a situation where limitation of 
root-growth by soil conditions takes place, the roots, though non-typical 
according to the preceding method, are nevertheless taken into account. 
Examples of such trees are to be seen in Figs. 3, 5, 6, 7, 10, 14. 

All the trees excavated (67) have in turn been submitted to the two 
selection-processes outlined above; and for each method a type-system 
emerges. ‘These are almost identical. The root-system of Kiambu is 
peculiar, and in view of what will be said later (see pp. 290, 291) this area 
will be ruled out as exceptional. 

The typical root-system of coffee, in the opinion of the writer, is as 
follows: 

1. The ‘Tap-root’ is not of the type usually connoted by this term, but 
consists of a stout central root, often multiple, tapering more or less 
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abruptly, and rarely extending as a recognizable unit more than 1 ft. to 
1 ft. 6 in. from the surface. 

2. The Axial Roots are commonly 4 to 8 in number, and run vertically 
downward below the trunk of the tree. They often originate in the 
forking of the tap-root, but are frequently of lateral origin, that is, they 
are lateral branches which have turned downwards. Penetrating to 
8 to g feet they branch in all directions at all depths. 

3. Lateral Roots: 

(a) The Surface-plate roots run more or less parallel to the soil- 
surface, to a distance of 4 to 6 ft. from the trunk, and usually branch in 
a horizontal plane, but they sometimes give rise to branches running in 
other directions. Some of these roots and their branches become posi- 
tively geotropic and form verticals, assuming the character and branching 
of the axial roots. 

(6) The Laterals not in the Surface-plate do not run parallel to the 
surface, are generally of deeper origin than the preceding, ramify evenly 
in the soil, and sometimes become verticals, branching in all planes. 

4. The Feeder-bearers are of varying length, evenly distributed at 
about 1 in. apart on the permanents, showing a slight tendency to be 
shorter and more numerous in the surface-soil. 

5. ‘he Feeders are borne uniformly on the feeder-bearers at all depths 
but are slightly more numerous in the surface-soil. 

Parts 1, 2, 3, and 4 can be regarded as forming the ‘permanent’ portion 
of the root-system. It has been stated [1] that the feeders (at any rate 
the more superficial ones) show periodic growth and are absent at certain 
seasons. My own observations are not comprehensive enough to discuss 
this point, but it is perhaps worth recording that, although work was in 
progress from January to November 1932, no tree excavated was without 
functional feeders at all depths. 


The Effect of Soil Conditions in Modifying the Normal 


In the writer’s opinion, all observed root-systems can be derived from 
the normal, as described above, by assuming the operation of soil- 
factors. An attempt will now be made to show correlations between 
soil conditions and the observed deviations from the mean. It would 
take too long to collect the mass of field data required to elucidate 
the operation of soil factors as a whole: the exact relationships between 
substrate conditions and roots can only be obtained by experimental 
study, and work on the lines suggested by the field studies of root- 
habitat is in hand. 

Hard-pan.—Hard-pan frequently occurs in the heavier loam soils of 
Kilimanjaro, and is very noticeable in Areas II] and IV. Area VII might 
almost be considered to consist entirely of hard-pan. ‘The effect of the pan 
is not very noticeable. Five trees were investigated in Area III (Fig. 3), 
and there was little or no difference between the development of roots 
above, in, or below the hard layer. It has been shown by Weaver and 
Christ [2] that in many cases roots do not penetrate a hard-pan because 
of its dryness; when it becomes moist, although the mechanical resis- 
tance offered is still considerable, roots are able to penetrate. ‘This area, 
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of fairly low rainfall (35 in.) and occasional long dry spells, probably dries 
out in such a way that the water-content of the hard-pan sometimes 
precludes penetration by roots, and at other times, or after irrigation, 
readily permits it. It will be noted in Fig. 3 that some of the roots have 
been checked by the pan, while others have penetrated with no change of 
direction. It is assumed that those roots which were unable to penetrate 
reached the pan boundary during a dry spell, the others reaching it 
during a moister period. Instances have been observed in which roots 
have been deflected upwards at the boundary of a pan and have after- 
wards turned downwards again and have penetrated. 

In Area III two hard-pans are present. No relationship between root- 
growth and soil-hardness was to be found. This area 1s irrigated fre- 
quently, and it is very improbable that the pans are dry for any length 
of time. 

The conclusion, therefore, is that hard-pan, as found in the coffee- 
growing areas of East Africa, does not affect the root-growth in any way, 
unless dry spells occur which render the pan temporarily impenetrable. 
The hard-pan in Area III is almost rock-like. It seems difficult to 
believe that a harder one could possibly exist, yet it forms no hindrance 
to roots. The foregoing is not intended to show that hard-pan is of no 
consequence. It may affect drainage, or the aeration of the subsoil- 
layers, but it is recorded that, in the two areas examined, it made no 
appreciable difference to root-distribution. 

Lava and mud-stone strata.—Strata of this nature are far from uncom- 
mon in some areas, and are to be seen in the following places. 

Engare Olmotonyi.—In the Selian-Burka area, the fossiliferous layer 
previously described will be considered as a mud-stone, though it is 

ossibly a tuff. Roots penetrate this layer through the holes occurring in 
it, which are filled with soil that has percolated from above. ‘The roots 
ramify in the soil below the stratum, but to a less extent than above it. 
In spots where the holes are less numerous, the roots are unable to 
penetrate owing to the hardness of the layer (Fig. 10). 

Engare Nairobi.—The mud-stone layer at about 3 ft. in this area is 
thicker than that in Engare Olmotonyi, and, moreover, does not cover 
a deeper soil deposit. Holes are absent, though many small narrow 
cracks occur. Penetration here is up to 1 ft. but is entirely confined to 
the cracks (Fig. 4). 

Sanya Fuu.—This soil may be taken as typical of soils overlying a lava- 
table. Penetration by the numerous cracks, filled with soil from above, 
is to considerable depths, but naturally is confined to them (Fig. 16). 

The penetration of rock strata, whether of lava, of tuff, or of mud-stone, 
is confined entirely to any cracks or holes that may be present. If the 
stratum is thin and well broken up, and if soil underlies it, then roots can 
develop in the underlying soil. It can generally be said, though, that any 
soil showing this type of stratum cannot be so suitable for the growing of 
a deep-rooted crop, such as coffee, as soils which present no hindrance to 
root-growth. 

Gravel strata—Layers of gravel are not common in East African 
coffee soils, but are to be found in the Meru loams, both at Usa and in 
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parts of Engare Sero. The effects of a stony layer, with a matrix of soil, 
cannot be given, as no such layer was encountered in the field, but it is 
probable that no hindrance to root-penetration would be found. The 
strata seen, however, consisted of a layer of undecomposed pebbles 
with no soil matrix. Penetration in the areas above-mentioned is com- 

letely inhibited, and the maximum distance to which roots were traced 
into such a layer was 3 in. 

Aeration.—In the Meru loams a heavy clay subsoil is often found. 
Though no data exist, the general appearance of the soils suggests that 
aeration is deficient. At any rate, root-growth in such layers is but 
slight and penetration is inhibited to a great extent. That aeration of the 
subsoil plays a great part in determining root-growth can be seen in 
many districts. In the Kikafu area, where the texture of the hard-pan 
may hinder gaseous diffusion, the response to increased aeration due to 
termite activity is remarkable and is to be seen in squares 5, 5 and 6, 4 of 
Fig. 3.!_ Even in the volcanic-ash soils, which are nearly certain to be 
well aerated, mole burrows are surrounded by greater concentrations of 
feeding roots than normal. At Mamba, in squares 5,2, 5,3 and 6,3 
(Fig. 1), increased feeder-growth in the neighbourhood of termite 
activity is seen. Root-traces, too, are invariably correlated with increased 
root activity. 

In all but exceptionally well-aerated soils, an increase in aeration will 
result in increased root activity. Subsoiling in many soils results in 
a greatly increased root-growth near the furrow, and should, in my 
opinion, be more generally used in preparing the soil for the planting of 
coffee, and in cultivating, where observation shows that the root-system 
will not be badly mutilated. 

High water-table—Previous observers have recorded the effect of the 
level of the water-table on crop-growth. Balls bl has shown that the 
roots of cotton die off after being submerged; and Elliot [4] has 
recorded the inhibition of root-growth of maize at a distance of 1 ft. 
6 in. above a permanent water-table. One case has been seen of a high 
water-table and is illustrated and described under Area XII (Sanya Juu, 
Fig. 15). At Usa, in the neighbourhood of water furrows, a high water- 
table is to be found, but the presence of a stony layer renders it im- 
possible to draw definite conclusions from this area. ‘Taking, therefore, 
the trees excavated at Sanya, it is found that no roots penetrate nearer 
the water than 1 ft. 7 in., and root-hairs are not formed nearer than 1 ft. 
10 in. ‘The roots below 1 ft. depth (i.e. 1 ft. 10 in. from the water-table) 
are very swollen and of abnormal appearance. 

In two other areas (VI and X) in portions of the estates visited, roots 
were found to be dead below a certain level, which, in parts of Area X, 
was g ft. and in Area VI, ro ft. 4 in. Inquiry showed in each case that 
abnormally heavy rainfall had occurred a year or so previously, with 
the probable result that the water-table had risen, resulting in root- 
injury. 


' The system used in referring to squares is as follows: the first number represents 
the depth and the second the radial distance from the axis. Thus 6, 3 represents the 
sixth square from the surface and the third from the axis, and so on. 
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THE ROOT-SYSTEM OF COFFEA ARABICA 
Soil reaction.—F rom field data on root-growth, and from the limited 
number of determinations on soil-reaction available, it is too early to 
draw final conclusions. However, as the general correlation appears to be 
significant, the subject will be discussed briefly. It was first noted that 
certain areas were characterized by a very even distribution of feeders at 
all depths, and that the character of the feeders was the same at the surface 
and in the subsoil. This was first seen in the Meru and Mondul areas, 
where the soil is known to be derived from rocks of a basic nature. In 
one of these soils, also, was to be seen old and healthy indigenous coffee. 
In other districts, e.g. Kibosho and Amani, feeder-growth and character 
vary widely at different levels. (See particularly Fig. 18, where the 
root-system shows a very marked change at 2 ft.) At Amani (Fig. 17) 
and Kiambu (Fig. 6) the feeders are virtually confined to the surface- 
soil. When the pH data are arranged alongside the figures, an obvious 
correlation emerges. 
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Area Root-distribution Acidity profile 

Engare Olmotonyi Even Even, near neutrality 

Rasha Rasha Even Even, near neutrality 

Engare Nairobi . Even, in top 3 ft. Even, near neutrality 

Kikafu Even Even, slightly acid 

Kibosho Scanty but even in the top-soil | Near neutrality in top-soil, be- 
becoming fewer and of dif- | coming moderately acid (6:1) 
ferent habit in subsoil below at 2 ft. 
2 ft. 

Amani Feeders in top-soil numerous, | Top-soil acid (5:7), subsoil very 
practically absent below 1 ft. acid 

Kiambu Feeders exceedingly numerous | Neutral, or slightly acid in top- 
in top 1 ft., scanty below this | soil, very acid in subsoil 
level 

Kabete Feeders,rather more numerous. Acid 5°7 or so in top-soil, more 


at surface (Manurial effect). 
Otherwise even, rather sparse 


acid 5°2 at 2-3 ft., acid 5°7-5°8 
in subsoil 


distribution 


Attention is called to Figs. 18, 19, and 20, and to the table on page 290. 
These represent three young trees of the same age from three areas. 
Roots undergoing extension-growth are shown with their tips enclosed 
in a circle. 

It is to be emphasized that these figures are taken from single trees 
only and so are approximate; the general tendency, however, is clear. 
The concentration of the growing tips in the nearly neutral top-soil at 
Kibosho contrasts markedly with the more even distribution in the other 
districts. 

The correlation between soil-reaction and the health and appearance 
of the coffee-tree is, as could be expected, less obvious than that between 
pH and root-growth. Factors such as manurial treatment, cultivation 
methods, weed-growth, and so on, affect the plant. ‘The coffee-tree is 
capable of response to cultural methods, and, in general, it can be said 
that careful treatment on an unsuitable soil will produce plants as good 
as those established on ideal soil but maltreated culturally. 

The extreme case of surface-rooting is provided in the plantations of 
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the East Usambaras. In Fig. 17 an example is presented where the wide- 
spreading roots are concentrated in the top 6 in. of the soil. 

Although examples occur in the East Usambara forests of soil pro- 
files which are uniformly acid from top-soil to deep subsoil, and also 
(apparently in association with particular parent rocks) of soils uniform 
and nearly neutral, the general state of the virgin-forest soils is to be 
moderately acid (pH 5-3—5-8) in the top-soil with a gradient downwards 
to about pH 4:8 at 1 to 3 ft. depths; the deeper subsoil being very acid 
throughout. After clearing, the humus-content and the general richness 
of the virgin-forest top-soil would tend to conceal the effects of too great 
acidity, if present, for a time, while the considerable amounts of wood 
ashes added to the soil on burning the dense forest after clearing would 
provide an immediately available store of nutrient. 


Summary of Root-growth in Three Areas. Age of Trees: 2} Years 


Area . : ‘ Kibosho Kikafu | Engare Olmotonyi 
No. of growing tips 
in section . 12 29 
In 1st foot 5 5 4 
~~ 5 2 6 
” 3rd ” I 3 8 
» 1 4 2 
° 3 5 
» Oth ,, ° z 4 
° ° I 


Approx. vol. occu- 
pied by root-sys- 


tem . . : 85 cu. ft. 155 cu. ft. 230 cu. ft. 
Reaction : . Neutralintop-soil, Even, slightly acid | Even, slightly  al- 
acid below kaline 


After 30 years of cultivation, the top-soil is often very acid indeed, no 
doubt due to leaching and erosion under the prevailing high rainfall. It 
is thought that this soil acidity affords an et mers explanation of the 
persistently poor record of the East Usambara coffee estates and of the 
proved impossibility of replanting these areas. It should be noted that, 
owing to the large areas of these estates, and also to their inaccessibility 
and distance from sources of manure, no attempt at enrichment of the 
soil has been maintained. If adequate manuring could have been prac- 
tised it is possible that results might have been different, sepealally as 
climatic conditions appear to be favourable. 

In some of the Kilimanjaro areas, e.g. Kibosho, very poor coffee is 
associated with high soil-acidity, especially in places where erosion has 
depleted the top-soil. 

lhe coffee plants grown in Kiambu deserve mention. Here we find 
a neutral, or nearly neutral top-soil, with a very acid subsoil (pH 4:8). 
Feeder-growth is practically confined to the top foot of soil, yet the 
coffee-trees can only be described as magnificent. It is held that the 
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manurial treatment received by these trees can reconcile the apparent 
divergence between the limitation of root-growth, giving by hypothesis 
a sub-normal tree, and the excellent and regular yields obtained. 

The marked concentration of the feeders in the top-soil at Kiambu is 
undoubtedly partly due to the manures applied. In other areas where 
manuring has been practised (Fig. 7, Rasha Rasha; Fig. 5, Kabete) a con- 
centration in the manured part of the soil is to be seen; but the feeders 
elsewhere on the same root-system are vigorous and well developed. 
The application of manures does not appear to reduce feeder-growth in 
other parts of the soil in areas where the conditions there prevailing are 
favourable. It appears that at Kiambu good feeder-development is con- 
fined to the top-soil by the acidity of the deeper layer, the manures 
applied increasing the concentration considerably. 

In this area of Kiambu we find a coffee industry which apparently is 
virtually dependent on the surface-soil. If, by good farming methods 
and by the application of manures, this layer can be enriched and kept 
in that condition, then excellent results can be, and are, obtained. ‘That 
this soil will not, by itself, support good coffee-trees is shown by the 
appearance of estates which have allowed fertilizer applications to fall 

of, It has been stated on good authority that in this area coffee-trees will 
not thrive for long in unmanured soil. Had the treatments of the 
Kiambu and the East Usambara estates been reversed, it seems probable 
that their condition would be reversed also. 

In the more nearly neutral soils, root-distribution is even at all 
depths (e.g. Figs. 3, 7, 10, 14, 19, 20, from Areas III, VII, X, XJ). 
Owing to the comparative scarcity of manure in many districts, little or 
none has been applied to the soils. In spite of this, it is easy to plant out 
young trees in virgin soil, and also in old coffee land. Although by no 
means free from troubles, of which overbearing is perhaps the greatest, 
these districts can readily produce good coffee-trees; and it does not 
appear to be probable that the history of the East Usambara estates will 
be repeated in these soils. 

From the preceding evidence it becomes apparent that a neutral or 
slightly acid soil is the most favourable to the root-growth of coffee. Soil- 
acidity in the neighbourhood of pH 5:8 to 6-0 appears, roughly, to be 
the acid limit of good root-growth; though, of course, roots are to be 
found in soils of much higher acidity. 

Where, as sometimes happens in the coffee areas, a neutral or nearly 
neutral soil overlies a subsoil that is highly acid, the coffee-tree must be 
regarded as a surface-feeder, and the fertility of the top-soil should be 
maintained at a high level in order to prov ide ample nutrients, as the 
plant is unable fully to explore the resources of the subsoil. 

Manurial treatment.—As is to be expected, manurial applications 
always result in an increased feeder-growth in the neighbourhood of the 
manure. 

Cultivation methods.—Observations on the effect of cultivation on root- 
growth have been confined to the effect of cultivation injuries. ‘These 
are to be seen in all areas, and vary from the mutilation of feeders and 
feeder-bearers in the surface-soil, due to light harrowing and ploughing 
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or to gentle cultivation by means of a hoe, and to the extensive severing 
of laterals seen where deep ploughing and subsoiling has been carried 
out. It should be noted that when thinking of the ultimate effects of 
root-injury, the previous history of the individual tree or at any rate of 
the estate, should be considered. ‘There are grounds for the belief that 
any coffee-tree which has overborne is abnormal; and the regenerative 
powers of such a tree may differ widely from those of an uninjured one. 
All trees taken as indicators of the reaction of the roots to mutilation have 
been examined for freedom from past dieback as indicated by the type 
of feeder-distribution (see pp. 293, 294). 

The facts recorded below are not entirely in accord with certain 
recent views on the subject [1]. ‘This may possibly be due to the care 
exercised in the selection of material. It has been shown that in certain 
areas, feeders are almost confined to the surface-soil, and in the sequel 
it will be seen that some trees are reduced to surface-feeding by the loss 
of parts of their root-system. It is obvious that the effects on the tree 
of injury to feeders will be much greater in these cases than where feeders 
are uniform at all depths. The season during which injury takes place 
is also, presumably, of importance. 

No attempt will be made here to correlate cultivation injuries with 
tree behaviour, as it is considered that only by experimental means can 
results of more than local interest be obtained. 

Injuries due to light harrowing, or cultivation by means of hoes, must 
be common, but they are much less apparent than would be thought. 
‘The small surface-feeder bearers and feeders are so rapidly regenerated 
after mutilation that few traces of injury can be seen even on close in- 
spection. Sometimes, however, it is more obvious. In one area (Kiambu, 
Fig. 6) cultivation was practised to a nominal 6 in. by means of hoes. It 
will be noted that all the feeder-bearers are severed at 4 to 5 in. from the 
surface, except under the spread of the tree where cultivation does not 
take place. From the severed ends have grown cones of new feeder- 
bearers, and it appears probable that the resulting absorbing system is 
superior to that of an uninjured tree. 

In Usa an area was investigated where subsoiling and deep disk- 
harrowing had been carried out. The disks had severed not only many 
of the more superficial feeder-bearers, but also some laterals of the sur- 
face-plate. Considerable regeneration had taken place, and the ends of 
the cut roots and rootlets were producing cones of new branches. Fig. 
22 shows the new growth after seven months. In this area, again, the 
feeding roots have increased in density as the result of mutilation. Deep 
ploughing, severing the superficial roots of the sultana vine, has been 
shown to give rise to improved root-systems in Australia (51. 

‘The severing of main laterals due to deep cultivation is less common, 
at any rate on the estates visited. In some areas where erosion has 
exposed many roots these have been severed eventually; and in certain 
areas it is reported that little regeneration occurs. ‘Trees of this type 
were not studied. At Ol Doinyo Sambu (Fig. 14) can be seen laterals 
which have been severed by ploughing. Regeneration has taken place, 
and new extension growth of just over 2 ft. 6 in. long has been formed. 
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At Amani, where spread is much greater, extension-growth up to 4 ft. 
6 in. long has been recorded. 

It can be taken, therefore, that in a healthy tree any moderate injury 
due to cultivation methods will be repaired and that regeneration will 
ensue. In some cases, even, there are grounds for thinking that the root- 
system will actually be improved. ‘This is not to say that methods which 
render root-regeneration necessary are to be advocated. Only experi- 
mentation can give any definite information on this question. 


The Effects of Overbearing on the Root-system 


One of the major problems in coffee culture in East Africa is that 
of ‘dieback’, which is generally associated with ‘overbearing’. ‘There 
appears to be a tendency for the coffee-tree to set, and to attempt to 
mature a crop of such size that the reserves of the tree are unable to 
supply the needs of the developing fruit. ‘The resulting strain is often so 
severe that a proportion, and sometimes the whole, of the crop dries up 
on the trees, forming the almost unsalable coffee known as ‘buni’. In 
addition, defoliation and loss of branches take place, and in extreme 
cases plantations are leafless and virtually branchless. Only those who 
have seen an area after a bad attack of this trouble can properly appre- 
ciate the damage caused. 

The root-systems of a number of trees showing various stages and 
degrees of dieback have been examined, as well as those of trees whose 
freedom or otherwise from dieback in previous years was known with 
more or less certainty. In all areas trees which have died back in the 
current year show a very scanty development of feeders, especially in 
the subsoil (Fig. 12). In trees which have died back in the previous year, 
feeder-growth can be nearly normal in the surface-soil, and also on the 
more distal portion of deep-seated roots, leaving the middle part of the 
root-system bare of feeders (Fig. 11). It is to be noted that the poor 
development of feeders, amounting in extreme instances to complete 
absence, is due to the loss of feeder-bearers. Many trees have been 
examined which have experienced some degree of dieback in the past, 
and have apparently recovered, and in no case has any sign of regenera- 
tion of the feeder-bearers been seen. This apparent non-regeneration of 
the feeder-bearers affords, in my opinion, the explanation of the small 
percentage of complete recovery from dieback in areas where overbearing 
is at all severe. ‘The usual experience of planters in such areas is that a 
young tree may bear a very heavy crop one year, with resulting defolia- 
tion and dieback. For the next year or two the tree does not bear at all, 
or at most very lightly, and gradually improves in appearance until it 

loses all visible trace of its past history. Another heavy crop is set and 
very little of this matures, while the resulting dieback is so severe that 
the tree rarely recovers, or if it does not succumb completely, becomes 
a permanent non-economic unit in the plantation. 

Fig. 21 illustrates the loss of feeder-bearers on portions of permanents 
of comparable size and position on the tree. One is from a case of die- 
back that cannot be called extreme, since some of the feeder-bearers are 
left, and the tree shows signs of recovery. This, however, can only be 
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partial. In root A it will be apparent that a large absorbing area is pro- 
vided by the numerous and long feeder-bearers, and the many feeders 
on them. Occasional scars show where feeder-bearers have been present, 
but have died off. Root B on the other hand shows a much smaller 
absorbing area, due to the loss of many of the feeder-bearers, whose 
scars are to be seen, while many of those remaining are reduced in 
length owing to dieback, and bear few feeders. ‘Trees have been 
examined in such condition that various stages in the dieback of the 
feeder-bearers could be seen, but the appropriate drawings are not 
reproduced for reasons of economy. 

From observations made on healthy trees of all ages and carrying 
varying crops, it appears that a sweep-out of starch takes place during the 
development of the crop. In general, the amount of starch (as judged by 
coloration with iodine) is inversely proportional to the amount of the 
crop, and, of course, declines with advancing stage of crop-maturity. 
A healthy tree in full bearing carrying a nearly mature crop will contain 
little starch in the roots, traces in the stem, and fair amounts in the 
branches, especially in those branches that are carrying few cherries. 
Starch is still present, though often in small quantities, subsequent to 
the complete ripening of the crop. 

On the other hand, trees which are showing dieback contain no starch 
in any part, depletion having taken place prior to crop-ripening. After 
dieback, when the immature crop has been stripped, and long after 
recovery has begun, starch is still absent from the roots and the stem. 

It is obvious that a condition of acute carbohydrate-starvation, 
coupled with the sweeping out of starch from the roots and the increasing 
demands of the developing crop (the state of affairs in a tree which is 
overbearing) will give rise to extensive damage to those portions of the 
tree having last call on the carbohydrates as they are manufactured by 
the leaves. The roots, therefore, will be unable to obtain the carbo- 
hydrate necessary for growth and for respiration. It has been shown that 
dieback of the roots goes on simultaneously with that of the branches, 
and it is considered that this dieback is caused by a shortage of carbo- 
hydrates. 

On this basis it is clear that the damage caused by overbearing is, in the 
first place, due to the carbohydrate-demands of a heavy crop. Attempts 
to rectify this trouble must be directed to reducing the deficit of car- 
bohydrate. This might be done by the reduction of cropping by cul- 
tural methods, such as by the use of shade, or by increasing the efficiency 
of the tree from the carbohydrate point of view and building up such 
a reserve of carbohydrate that the demands of the crop will not entirely 
deplete it. 

It must, however, be kept in mind that, subsequent to the first attack 
of overbearing, the tree has to carry on with an absorbing area which 
is drastically reduced. It is thus thrown out of balance, and, owing to the 
non-regeneration of the feeder-bearer, is permanently abnormal. It will 
readily be seen that subsequent attacks of dieback may have their origin 
in the root-system. Although the cultural treatment of dieback trees can 
only be decided upon after experimentation, an indication, which may be 
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of some value, can yet be given. It is invariably found that trees in quite 
an advanced stage of dieback have superficial roots that are comparatively 
free from damage, though the deeper parts of the root-system may be 
completely bare. ‘The tree is thus converted into a surface-feeder in 
areas where the natural habit may be the reverse. It has been shown that 
good yields can be obtained in areas where absorption is practically con- 
fined to the surface by the constant enrichment of the surface-soil. When 
it is realized that dieback trees have to find all their nourishment in the 
top foot or so, the need of such enrichment will be apparent. 

The bad effects of dieback naturally vary with the age at which the tree 
is attacked, and with the root-development at that time. The depth of 
penetration of the roots and the nature of the deeper soil-layers must also 
be taken into account. 

It will be clear that if a young tree suffers root dieback when the roots 
have not penetrated into the soil very deeply, new feeder-bearer growth 
can be formed on new extension-growth of the permanents, and even- 
tually a root-system can be developed which is not noticeably inferior 
to that of trees which have never shown dieback. Such a tree can be seen 
in Fig. 10 (Engare Olmotonyi). Here, it will be noticed, are bare per- 
manents, in squares I1, 21, 31, 32, but, in spite of this, feeder-distribu- 
tion is reasonably uniform. If such a tree suffers dieback now, the 
bare area will be greater, and new feeder-bearer development will be 
very slight, since the verticals have reached their maximum depth, and 
further extension would carry the roots into layers unfavourable to 
root-growth. 

It is well, therefore, to keep in mind that any work on dieback must be 
carried out on trees with known histories. Any tree having once suffered 
from dieback is bound to be abnormal so far as root-development is con- 
cerned, and observations on it should be treated as being carried out on 
abnormal material. 


Summary of Parts I and IT 


1. The technique used in the investigation of coffee root-systems is 
described. It consists in washing the soil away from the roots by means 
of a jet of water. A sector of the root-system 1s exposed and is drawn to 
scale in the field. 

2. Root-systems and notes on soil are recorded from thirteen areas 
in the coffee-growing districts of East Africa. 

3. From a consideration of 67 root-systems, a ‘type’ system for the 
roots of coffee is described. ‘This is characterized by considerable depth, 
and by an even distribution of feeding roots. 

4. The effects of certain soil conditions in modifying root-growth are 
given. In general, hard-pan has little effect on root-development; lava, 
mud-stone, gravel strata, and high water-table cause penetration to be 
inhibited in greater or less degree. Indications are given as to the pH- 
range of feeding roots of coffee, and it is concluded that the acid limit of 
satisfactory growth is at pH 5:8 to 6-0. 

5. The effects of cultivation on coffee roots and observations on 
regeneration are recorded. 
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6. ‘Overbearing’ is described briefly; it is shown to cause dieback of 
the roots; and no indications of regeneration have been observed. It is 
suggested that a deficit of carbohydrate, due to heavy cropping, is the 


cause of dieback, and suggestions are given for the manurial treatment 
of trees affected by this trouble. 
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Area and District 


I. Mamba* 


II. Kibosho 


III. Kikafu 


IV. Engare Nairobi 


VII. Rasha Rasha 


X. Engare Olmotonyi 


XI. Ol Doinyo Sambu . 


Vegetation 
Orchard bush, 
cleared and 
cultivated, 

4 years 
Forest 


Bush-orchard 
and Bush 


Grassland 


Forest recently 


cleared 
Secondary 


scrub 


Grassland 


Notes: 


APPENDIX: PARTIAL ANALYSES O 


From information su 


Depth of Gra 
Altitude Rainfall Sampling Colour Texture 2m 
3,700" 43” o-8” Reddish-chocolate friable ni 
at 48” Reddish-chocolate Stiffer than 

above 
4,150" 50-5” o-15” Greyish-chocolate Friable clay 

‘ loam 

15-30 Brown Friable clay 4 


loam with 
rock brash 
3,700 33-4” o-12” Dark reddish- Friable loam 
chocolate 
at 36” Reddish-chocolate Friable loam 
at 84” Reddish-chocolate Friable loam 


4,500’ 22” o-12” Light reddish- Stiff clay loam 
chocolate mod. friable 
at 36” Red-brown Stiff clay loam O° 
mod. friable 
5,600’ 42” o-5” Dark chocolate Fairly stiff n 
at 36” Mid-chocolate Fairly stiff n 
5,000’ o-12” ~=Light-grey Very friable, 
dusty 
12-48” Lighter grey Friable, stiffer rol 
48-60" Darker grey-brown Very friable roy 
5,800’ 20” o-18” Light yellowish- Powdery 4 
grey 


Mechanical Analyses by International (1928) method after dispersion wit 
Loss on ignition does not include air-dry moisture, but represents the vole 
Organic carbon is determined by combustion in oxygen and measurement 
Nitrogen by Bal’s wet-soil modification of Kjeldahl’s method. 


*It is somewhat doubtful whether this sampli 
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JYSES OF SOME SOILS REFERRED TO IN THE TEXT 


formation supplied by the Soil Chemist, Amani 


Coarse Fine Organic 

Gravel, sand, sand, Silt, Clay, Air-dry Loss on matter, 
ure 2mm. 0:2 mm. 0:02 mm.| 0:002 mm. 0:002 mm. moisture ignition 100/58 Nitrogen 
iable nil 5°4 11°5 18°7 57°9 2-84 0'133 
an 9°9 21°6 61°9 6:0 10°71 
lay 2°7 9°25 18°85 8-3 15°54 3°71 0°200 
slay 4°3 2°9 7°95 12°85 67°0 9°65 14°03 
ith 
‘ash 
loam 12°8 24°7 54°1 74 13°97 4°88 0°204 
loam I'l 21°6 59°6 6°5 
loam 24°4 45°! 6-2 10°92 
y loam 8-0 17°8 8-0 10°20 2°20 O'104 
riable 
loam 14°3 33°9 39'1 8-98 
riable 
rift nil 14°9 22°3 7°85 12°21 3°68 0°163 
rift nil 11°4 15°7 63°3 8-75 10°77 
able, 6:2 31°5 25°2 29'1 10°74 5°25 0°232 
stiffer 6-9 29°8 24°7 31°0 7°6 10°07 
able 6°3 21°4 32°0 8-8 9°79 
y 4°3 22°0 46°7 11°6 5°05 6°35 211 


ispersion with HCI and H.O,. Fractions oven-dried, not ignited. 
sents the volatile matter of an oven-dried soil. 


neasurement of the carbon dioxide evolved. Organic matter is this figure (C) multiplied by a factor 100/5 


r this sampling is representative of the actual coffee area investigated as Area I. 


Ratio 
C:N 


12°4 


10'S 


13°9 


wt 


nil 
nil 
nil 


nil 


nil 
nil 
nil 
nil 
nil 
nil 


nil 
nil 


nil 
nil 
nil 


KCNS-test, 
T hour 


pale blue 
pale blue 
nil 


nil 


pale blue 


pale blue 
pale blue 


nil 

v.f. pink 
faint pink 
v.f. pink 
nil 

faint pink 


12°4 
13°15 
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THE MANURING OF TEA 
T. EDEN 
(Tea Research Institute of Ceylon) 


\ REASONED system of manuring for any crop should take into account 
the nature of the plant from which it comes, the climatic and other 
environmental conditions under which it grows, and the purposes to 
which the harvested produce or its manufactured counterpart is to be 
put; on all these points tea has features which add interest and com- 
plexity to the problem of deciding the best method of preserving and 
adding to the fertility of the soil in which it grows, by means of natural 
or artificial manures. 

Tea is a perennial crop restricted severely in growth by drastic pruning 
operations recurring at intervals of from one to five years, and is culti- 
vated entirely for leaf. Only the youngest shoots are plucked, and as 
many as fifty harvests a year may be taken. According to climate and 
altitude it may be in continuous production or have seasonal resting 
periods. It is cultivated in climates ranging from tropical to temperate, 
but a rainfall exceeding 50 inches and reasonably well distributed is 
necessary. ‘The upper limit of precipitation is indefinite, but tea thrives 
in places where the annual rainfall is between 200 and 300 inches. 
Furthermore, the quality of the crop is of equal consideration to its 
quantity, and although the subsequent manufacture of the leaf inti- 
mately affects this quality, the potential character of the marketable 
product is to a large extent decided before the leaf leaves the bush. 

A tradition of manuring embodying these considerations has gradually 
been built up, and the -present position is one in which past history, 
present economic conditions, and the slow accumulation of scientific 
knowledge are in a state of continual readjustment. 


Historical Aspects 


Any attempt to describe manurial practice must take some account of 
past history; Ceylon will be chiefly used as the example, but India and 
Java have passed through parallel stages, and divergences will be noted 
in their place. 

The cultivation of tea was marked in the first place by a thorough- 
going exploitation of natural resources. Land under virgin forest was 
cleared and planted, and for a considerable time no thought was given 
to manuring. In Ceylon this period was shorter than elsewhere because 
tea was a comparatively late arrival and superseded coffee when disease 
destroyed the earlier industry. A questionnaire circulated in 1896, and 
answered by sixty representative correspondents, showed that at this 
date manuring was a novelty, but that the practice was spreading on 
old coffee estates; it was some time before occupants of virgin land 
learned their lesson from the older cultivators [1]. At this time it was 
admitted that crop increases were assured by manuring, and there was 
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no preponderating fear that harm would result either to the permanent 
health of the bush or to quality of the made tea. The sources from which 
manure was drawn were inevitably local, and oilseed cakes and bones 
from India were chiefly used in the proportions of four parts of cake 
(castor seed) to one of bones (loc. cit.). Applications were irregular and 
not more frequent than every other year. 

During the ensuing ten years there was a marked expansion in 
manuring. Nitrogen, as always, was the chief manurial constituent, and 
organic forms were predominant. Mann [2] reports that in 1907 no 
sulphate of ammonia was used by the tea industry of North India and 
that only 40 tons of superphosphate (made locally) could be traced. In 
Ceylon both these manures had obtained a footing but the quantities did 
not exceed 500 tons. Fashions in nitrogenous manures changed accord- 
ing to supply, demand, and price, and import data list varying quantities 
of castor, ground-nut, rape, and mustard cakes. 

The manner of this introduction of artificial manures is of consider- 
able interest because later the belief arose that nitrogen in these (organic) 
forms was more steadily available than that supplied by ‘soluble artifi- 
cials’, and was better for preserving quality. In the absence of large 
industrial centres that could produce the more highly manufactured 
inorganic products it seems probable that there was a considerable post 
hoc ergo propter hoc element in the birth of this hypothesis. 

The next decade, which closed at a time when war influences were 
being felt in the fertilizer industry, saw the introduction of a large 
variety of fertilizers, though local material remained predominant. In 
particular, inorganic manures were being imported at competitive 
prices and, in consequence of trials and demonstrations by the research 
stations of India and Java, they became an important factor in manurial 
schemes. In India and Ceylon, superphosphate, basic slag, and sulpliate 
of ammonia were enjoying considerable popularity at this time, as shown 
by Hope’s qualitative review of the manurial situation [3] and Bruce’s 
compilation of import figures for Ceylon [4]. The latter figures refer 
to all the visible supplies, no matter on what crop they were used, but 
they reflect the position as regards tea to this extent, that the only 
serious competitor for manures at this time was rubber, with an acreage, 
in 1917, of only half that devoted to tea. 

The war threw back fertilizer distributors on to local supplies because 
of the restriction in shipping tonnage, so that not only did total imports 
suffer but organic nitrogen temporarily resumed its sway. This dis- 
turbance was followed immediately by a slump in both tea and rubber 
in 1920-1, but by 1927 a phenomenal boom in tea had arrived. Within 
the last two years world economic conditions have had their effect on 
tea. ‘The accompanying figure, taken from a recent survey of nitrogen 
imports [5], shows the general trend of supplies. Bearing in mind the 
fact that many rubber estates have been out of cultivation for four years, 
the latter years may well be taken to reflect the manurial position of tea. 
Nitrogen imports are still equivalent to those before the boom, and 
sulphate of ammonia is the most important individual fertilizer in use. 
In India and Java the popularity of inorganic nitrogen is greater than 


in 
ha 
t 
| 
= 
\ 


nent 
hich 
ones 
cake 

and 


THE MANURING OF TEA 299 


in Ceylon, and the latest information shows that these two countries 
have almost entirely adopted this kind [6].! 
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Imports in Thousand Tons (thin Line) 


Ratio Organic/Inorganic Nitrogen (heavy line) 


1900 *03 ‘06 43 27 25 "28 
Triennial Periods 


Hand in hand with the increased use of artificial manures there has 
been an increase in green manuring. Starting in the form of loppings 
from shade trees, progress has been steadily maintained till at the 
present time leguminous bush crops and some ground cover are in 
addition commonly interplanted a the tea. The advocacy of Bamber 
[7] and Wright Is] in Ceylon and of the research stations in North India 
and Java has played a large part in establishing green manuring as a 
general policy. There is no doubt of the gain to soil conservation that 
has resulted from the use of green manures, though there has been a 
tendency to exaggerate their potentiality as a conserver of nutrients, 
because it has commonly been assumed that the whole of the nitrogen 
returned to the soil is bacterially-fixed nitrogen. Java is the leader in all 
forms of green manure; India makes use of both cultivated crops and 
naturally-growing herbage; Ceylon is still largely insistent on clean 
weeding. 

A subsidiary method of manurial conservation is that of burying tea 
prunings. Formerly, much woody tissue was buried, which not only 
complicated the soil nitrogen cycle, but was instrumental in spread- 
ing root-diseases. For a time a lively controversy was maintained 
between the advocates of burying and of burning, respectively [9]. 
It is now usual either to fork in the soft green shoots or to mulch 
the prunings and beat off the dried leaves for subsequent burial. 
Except in areas of severe root-disease no epidemic from this cause 
seems to occur. 


' T am indebted to Dr. J. J. B. Deuss, late Director of the Proefstation voor de 
Thee, Java, for many points regarding practices in Java. 
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The Present Position 


Neglecting the disorganization caused by current economic conditions, 
tea is generally manured at least annually, but the pruning cycle is taken 
as the unit. In Ceylon custom demands two types of mixture, a pruning 
mixture high in phosphoric acid, and a general mixture high in nitrogen, 
the latter being employed for the later manuring operations in the 
pruning cycle. Beyond this it is impossible to generalize, so great is the 
variety of formulae. ‘Typical Ceylon mixtures are as follows: 


Pruning Mixture lb. 
Fish guano. 220 
Bloodmeal N 31°o Ib. per acre 
Nitrate of potash. : 80 Equivalent to 59°40 ,, ,, 
Rock phosphate 3 . 80 200. 
Concentrated superphosphate . 50 
500 
General Mixture 
Groundnut cake . 200 
Fish guano. . 200 N 60°5 Ib. per acre 
Bloodmeal - 100 Equivalent to { P,O; ,, ,; 
Sulphate of ammonia . 100 | K,0 
Muriate of potash . 50 
Superphosphate . 100 
750° 


The most striking feature of such mixtures is the variety of nitro- 
genous manures they contain. The usual explanation for this is that 
under conditions of high rainfall it is necessary to arrange for successive 
relays of available nitrogen, although work on nitrification of organic 
artificials lends no support to the view that maximum nitrification is 
long delayed. Nor does this theory take any account of the real com- 
plexity of the carbon-nitrogen cycle in the soil. 

In Java the concept is much simplified by the use of inorganic 
nitrogen; the manure applied at pruning time contains nitrogen and 
phosphoric acid, whilst that applied on other occasions consists solely 
of nitrogen. In India Carpenter (6 recommends a formula for a four- 


years rotation in manuring as follows: 
Year N PO, K,O 
Ist 30 aa 30 
2nd 30 20 20 
3rd 30 20 
4th 30 20 20 


‘The question whether it is necessary or desirable to alter the ratio of 
the various constituents at different stages in the pruning cycle still needs 
direct experimental investigation. ‘There is a general impression that 
potash manuring gives negligible responses, and phosphoric acid is 
mentioned doubtfully by the Indian and Java workers. Nitrogen alone 
gives a striking performance. Allowing for a large degree of individuality, 
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30 to 40 pounds of nitrogen per annum is a fair average application [10]. 
It is interesting to relate these manurial dressings to the quantities 
removed by the crop. For a 500-pound yield the figures are of the order 
N 20 lb.; P,O; 4 lb.; K,O 8 lb. per annum [11]. Reliable data for the 
quantities removed in prunings are not available. 


Experimental Evidence 


Reliable experimental evidence in support of the practices and 
opinions outlined above is by no means extensive. A green leaf crop 
plucked continuously at intervals of a few days, often under adverse 
weather conditions, presents numerous difficulties when accuracy and 
comparability are aimed at. Until recently no regard was paid to the 
technique of tea experiments, and formerly experiments were either 
confined to single plots or, if replicated, were interpreted without any 
knowledge of the errors involved [12]. 

The experiments chosen as illustrations in this section are confined 
to the more recent replicated type and are drawn from the records of the 
experiment stations of North India, Java, and Ceylon. The Indian 
experiments have dealt mainly with the nitrogen question; Java results 
cover a wider range; whilst in Ceylon, where specialized research on 
tea is of recent origin, potash and nitrogen have so far received attention. 
The data from the various stations are given in Tables 1-5. 


Nitrogen. A series of six years’ results of nitrogenous manuring are 
available from the North India Station [13]. 


TABLE 1. Effect of 30 lb. Nitrogen on Yield in lb. of Tea per acre (India) 
Sulphate of ammonia 150 lb.; Superphosphate 150 Ilb.; Muriate of potash 60 Ib. 


* Nitrogen 

and Minerals Increase 
Year Minerals only due to N 
1922 648 640 8 
1923 768 688 80 
1924 736 592 144 
1925 824 600 224 
1926 744 S44 200 
1927 704 464 240 


Allowing for seasonal fluctuations, a progressive decline in the plots 
deficient in nitrogen is evident, and over the whole period the effect of 
nitrogenous manuring amounts to an average of 25 per cent. increase in 
yield. Short-time results in Ceylon [14] and Java [15] show smaller but 
substantial increments of a confirmatory nature (‘T'ables 3 and 4). ‘There 
is no doubt about the response of tea to nitrogen. 

In view of the different policies adopted in the use of organic and 
inorganic manures, the results of trials of different forms of nitrogen 
are of special interest [10, 16]. Seven years’ results in India give the 
following percentage yield-increases over plots receiving no nitrogen. 
Side by side are results of a more highly replicated experiment of a 
single year’s duration. 
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TaBLeE 2. Percentage Yield Increases for various Nitrogenous Manures 


(India) 
Seven-Year Average Single Year 

Nitrate of soda 25°0 
Sulphate of ammonia 19°2 25°6 
Ammonium chloride ‘ 25°0 
Oilcake . 16°8 23°9 
Green manure . : 27°6 

Sinews . 9.9 


Of the results from the long-term experiment, it is wre that only 
sinews show a real difference, since this experiment was confined to 
threefold replication. ‘The single year’s results show a striking uni- 
formity except for bloodmeal. A substantial decrease is claimed for the 
latter, but in the absence of the relevant error figures it is doubtful 
whether a real difference can be claimed. This result from a sevenfold 
replicated experiment may be judged in the light of the significant 
differences established in the Ceylon experiment where replication was 
twelvefold. 

The Ceylon experiment [14], for which two years’ data are available, 
gives no indication of any superiority in yield from ‘organic’ nitrogen. 
Further results of high accuracy must be accumulated before an incon- 
trovertible judgement on this question is possible. 


TABLE 3. Effect of Nitrogen and Potash on Yield of Tea (Ceylon) 
Yield in lb. dry matter per acre 
Nitrogen quantities* Nitrogen type Potash quantitiest 


ig Cyan- Sulphate 
Nil 20 lb. 40 lb. Blood amide ammonia Nil 20 lb. 4o lb. 


Yield per acre 502 516 §27 523 518 523 518 509 517 
Yield percent. 97°5 100°2 102°3 100°3 99°4 100°3 100°5 100°5 
of mean 
Significant dif- 5°5 6°7 5°5 
ference per 
cent. 
Yield peracre | 878 942 1,025 990 967 994 952 932 961 
Yield percent. 92°6 99°4 108'0 100°7 983 =6100°4 IOI*3 
of mean 
Significant dif- 5°2 5°2 
ference per 
cent. 


* In presence of 30 lb. K,O and 30 lb. P,O,. 
t+ In presence of 30 Ib. N and 30 lb. P, O.. 


TABLE 4. Effect of Nitrogen, Phosphate, and Potash (fava) 
(Average of three experiments with sixfold replication) 


{ Nitrogen alone 983 
Percentage increase due to { P,O; in presence of N. ; a 
\ K, O in presence of N and P, O; 0°55 
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Potash. The most detailed evidence comes from Ceylon and Java 
[14, 15]. Neither station shows a return for potash manuring. ‘The Java 
experiments were not extended beyond a fourteen-month period; in 
Ceylon the results are in their third year. It is at present impossible to 
say whether this unresponsiveness is due to adequate natural reserves 
or whether it is the aftermath of more than adequate manuring in the 
past. The soil types of Java and Ceylon are markedly different, the 
former being volcanic, and the latter mainly gneissic. The experimental 
evidence so far confirms current tradition. 

Phosphoric acid. Replicated trials on the phosphatic problem are 
confined to Java [15]. ‘They indicate a very dubious response to this 
type of manure. 

Lime. 'Tea is probably the most important crop that definitely prefers 
an acid soil reaction. Liming is seldom resorted to even to stimulate 
green manures, though at one time small doses were recommended as 
preventative of root-disease. Instances of healthy growth at a pH as low 
as 4°5 are frequent. Prillwitz regards this as a suitable reaction for young 
plants [17]. Gadd [18] obtained a maximal growth in the region 5-3 to 
6-5. Above this limit, definite pathological symptoms set in; root- 
growth ceases, and the stem becomes stunted and makes abortive 
attempts to produce new leaves. 

Time of application. In Ceylon and Java, where the tea bears continu- 
ally except for a short period of recovery from pruning, applications of 
manure are either annual or at periods of months arranged to fit in with 
the pruning cycle. In North India, where a winter period of unproduc- 
tiveness is experienced, the question arises as to how soon or late in the 
growing-season manures can profitably be applied. Cooper and Harrison 
[20] applied manures at five different times between February 15 and 
July 27, and their results indicate that the yield increments decrease if 
manuring is unduly delayed. 


TABLE 5. Increases due to Manuring at Different Dates (India) 
(Sulphate of ammonia 200 Ib.; Superphosphate 140 lb.; Sulphate of potash 60 Ib. 


per acre) 
Increase lb. 
Time applied per acre 
February 15 215 
March 27 207 
May 6 193 
June 17 220 
July 27 153 


In Ceylon and Java the problem of time of manuring takes on a rather 
different aspect, namely that of its relation to the time of pruning. ‘l'wo 
schools of thought are prevalent, one recommending manuring imme- 
diately after pruning in readiness for use by the recovering plant, the 
other favouring manuring some time after, when a recovery is more 
pronounced. The latter school contends that recovery is conditioned 
mainly by the status of the plant’s food reserves and can be but little 
helped by manuring. The failure of the Ceylon experiment to show 
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any significant response to manuring at pruning time (Table 3) must 
act as a stimulant for further work on recovery from pruning in relation 
to the plant’s capacity to make effective use of available supplies. 

Frequency of application. Cooper’s results [20] with single and divided 
doses applied at approximately three months’ interval show that the 
effect on total yield is negligible, but that differences in yield-distribu- 
tion during the season are marked. 


The Effect of Manuring on Quality 


‘The manuring of tea would be a relatively simple matter if yield were 
the only consideration. Experience with other crops has shown that 
it is when quality is an important and variable characteristic that the 
culture of a crop becomes enhanced in difficulty. Tea is pre-eminently 
a crop where quality has prime consideration and the crux of the matter 
is that a quantitative measure of quality is lacking. Sugar-cane, cinchona, 
and such-like plants have a definite chemical constituent by which to 
measure quality; fibre crops have physical properties that can be tested; 
but tea has both, though what their ultimate units are is very incom- 
pletely known. Common experience has, however, shown that quality 
in tea, no matter of what constituents it is compounded, is conditioned 
by the nature of the leaf, which is the raw material. In this connexion 
two points of importance stand out: (1) climatic changes play a large part 
in determining quality, and (2) the first harvests of flush’ after recovery 
from pruning always produce inferior teas. A frankly empiric considera- 
tion of observational data on these two points has led to the view that 
rank growth is deleterious to quality and that slow growth, except when 
it is accompanied by wet sunless weather, gives a high-class product. 
The object of the practical cultivator and experimenter alike is to pro- 
duce quality without sacrificing yield unduly, and vice versa. 

On the chemical side of the quality question some progress has been 
made, but it is of very restricted application. A hanson of the water- 
soluble extract and its tannin-content furnishes some indication of 
quality for teas grown under a uniform system of cultivation and climate 
such as obtains on a particular estate [21], but as soon as one crosses the 
border-line on to even a neighbouring plantation the correlation breaks 
down. In any case the chemical composition of tea expressed in such 
simple terms as those considered gives as yet far too incomplete a 
picture of quality. Consequently the only method of judging the results 
of manuring on quality at present lies in the valuation of the finished 
article. The difficulties inherent in this procedure are formidable in the 
extreme, for besides the necessity for carefully controlled field experi- 
mentation, equally well-controlled manufacture is called for. When, 
ultimately, either chemical or other criteria are put to the test, it can 
only be in comparison with the subjective technique of the tea-taster. 
Under these circumstances it is not surprising that little progress can 
be reported on the subject of manuring of tea and its effect on quality. 

The Ceylon Tea Research Institute alone amongst its kind possesses 
a factory equipped for experimental manufacture of tea, and a first 
attempt to study manuring in relation to quality is in progress there. 
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‘The produce of the experimental plots which provided the yield data 
of Table 3 is systematically manufactured by plucking on similar bat- 
teries of small-scale machinery which allow A simultaneous manufac- 
ture of the produce from the various treatments. 
The two experiments so far attempted are concerned with the question 
of nitrogenous manuring: 
(a) The effect of 40 lb. of nitrogen per acre compared with ‘no 
nitrogen’. 
(b) The effect of equivalent dressings of nitrogen in the three forms, 
bloodmeal, cyanamide, sulphate of ammonia. 
Evans [22] has published the results of the first year’s manufacture 
involving the quantity comparison (a). Since the use of a permanent 
standard is impossible in so perishable a product as tea, one treatment 
is taken as standard with an arbitrary marking of ten, and the other is 
assessed by comparison. ‘Table 6 gives the total score reached for the 
two treatments considered under five heads. 


TABLE 6. Comparison between Teas receiving No Nitrogen and Teas 
receiving 40 lb. Nitrogen per acre 
40 lb. Nitrogen 


_No Nitrogen per acre 
Colour . 932°0 309°5 
Strength 367-0 366°5 
Pungency  402°0 385°6 
Flavour 346°0 362°2 


The differences evident between the markings are very slight, the 
largest being only 7-3 per cent. for colour in favour of ‘no nitrogen’. 
Statistical analysis has shown that this difference is not great enough for 
significance. For the comparison of the various kinds of nitrogen a full 
year’s data are not yet available. 


Problems requiring Investigation 


The foregoing data show that the knowledge of the principles of tea 
manuring is very incomplete and still very empiric. There is need for 
considerable expansion in field experimental work, and the recent 
advances in both the theory and practice of field experimentation, by 
removing to a large extent technical difficulties, render the future 
auspicious for this expansion. The most fruitful line of advance would 
seem to lie along the lines of moderately complex experiments of a semi- 
permanent nature. Much of the work already undertaken is of too short 
a duration to solve the problems associated with a long-term perennial 
crop for which the natural cropping period is a pruning cycle that 
extends in some cases to four or more years. In the absence of a con- 
tinuous and uniform programme, cumulative effects and progressive 
deficiencies of considerable importance are virtually unresolvable. 

The aspects discussed in this paper all need further investigation, 
a sed: those relating to quality. In addition, there are others which 


are at present untouched. The interaction of manurial factors amongst 
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themselves is unexplored territory, as is also the interaction of manuring 
with the various types of pruning. The latter is of special interest 
because the tea cultivator is concerned not only with total crop but with 


yield-distribution during the pruning cycle. 


Green manuring of tea has raised the question of the effect of one 
crop upon another. The results of work on temperate annual crops 
are only of very general application. The solution to the’ problem of 
soil erosion awaits an authoritative dictum on the matter of the effect 


and management of cover crops. 
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THE ASEXUAL PROPAGATION OF HEVEA 
R. J. CHITTENDEN 
(Prang Besar Estate, Kajang, F.M.S.) 


‘THE vegetative propagation of Hevea has in the main been confined to the 
development of clones by means of bud-grafting. Isolated attempts have 
been made to emulate East Malling and raise strains of stock vegetatively. 
Hevea roots readily from the main stem, particularly in young plants; 
branches and bud-grafts, however, are all difficult to root, though the 
difficulty varies in degree with different clones. So far, all attempts to 
induce rooting, whether by means of marcots, cuttings, ‘stools’, layers, or 
etiolated shoots, have met either with no success, or with insufficient 
success to justify commercial use. 

Bud-grafting, on the other hand, with its easy technique, offered no 
impediment to the development of a variety of new clones, and their use 
in commercial planting. ‘The adoption of bud-grafting as part of modern 
estate-practice is to be mainly attributed to the careful and persistent 
work of Heusser, though its spread, particularly in Malaya, has been 
helped by such pioneers as Gough, of Prang Besar Estate. 

Most recommended clones are now 10 to 15 years old, and have under- 
gone 5 to 10 years’ tapping, the records of which are usually available for at 
least 5 years. Test-tapping records from such good clones have been 
most promising and the advantages of budding with ‘proved’ material are 
now accepted. Few commercial budded clearings are yet old enough to 
tap,' but yields from two to four times those previously harvested from 
seedlings are confidently expected and, in certain cases where preliminary 
tapping has been carried out, have been obtained. 

Modern selection is almost wholly confined to that of high-yielding 
clones of good vegetative type for general planting; later, possibly as the 
result of experience on commercial plantings, special types definitely 
suitable to particular conditions may be developed. 

Selection of bud-parents.—The original selections were made from 
high-yielding trees of good vegetative type; usually but few records were 
available and the actual rather than the comparative yield formed the 
basis of selection. Thus the trees selected tended to be restricted mainly 
to those from the higher-yielding older plantings. As a rule 5 per cent. 
or less of the clones from these earlier selections has so far developed into 
desirable high yielders. This somewhat poor percentage of high-yielding 
clones has usually been attributed to the effect of the environment on the 
bud-parents, it being supposed that, in the majority of cases, their high 
yield was not genetic but a fluctuation due to favourable conditions. ‘The 
bud-parents selected, however, were frequently 15 or 20 years old, and 
little, if anything, was known of their previous yields. It is probable, 


' The age of a budded clearing is usually reckoned from the date of budding; many 
such clearings are now over 5 years old; the modern tendency, however (swayed no 
doubt by the price of rubber), is to treat young trees less severely, and to delay tapping, 
to the ultimate benefit of the clearing, till the trees are at least 6 years old. 


ing 
est | 
ith | 
ne 
ps | 
of 
Pct 
ea 
i 
a 


308 R. J. CHITTENDEN 


therefore, that in some cases the clone may merely be repeating the 
behaviour of its bud-parent and later come into high yield. 

In an endeavour to eliminate to some extent the influence of the 
environment, recent attempts at selection have concentrated not so much 
on the actual as on the comparative yield of the recorded trees, that is, 
on the number of times the yield of the potential bud-parent is greater 
than that of the average in the field or task in which it grows. 

Generally, a clone, to be economic, should come into high yield at 
least by its eighth year and preferably earlier. Attention, therefore, is now 
paid to the early yields of potential bud-parents, if they are available, and 
in some cases young trees 8 to 10 years old have been selected for proof. 
The selection of such young trees can, it is claimed, be justified because: 


1. Itis improbable that the trees will decrease in yield with age. 

2. The types selected should, if of normal behaviour, show steady and 
considerable increases in yield to at least the twelfth or fifteenth 
year. Even if large increases do not occur, the high-yielding and 
early-maturing characters obtained would render the material of 
value economically. 

3. The nature of bark renewal, and resistance to disease, brown bast, 
and wind, is sufficiently indicated by the eighth to tenth year. 


The proving of clones.—Complete experimental proof of the clones used 
in modern planting has not yet been attained. For practical purposes, a 
clone is regarded as ‘proved’ in its eighth to eleventh year after records 
for 3 to 5 years have been taken of a small number of trees on an approved 
tapping system, and provided it has given consistently good results with 
regard to yield and resistance to brown bast disease, and wind, under one 
set of estate conditions. Supplementary proof will become, and is 
becoming, available from the various commercial areas planted with 
these ‘proved’ clones. 

When contemplating the proving of new clones, it is for practical 
reasons difficult to improve very greatly on the methods already adopted. 
To ensure that some at least of the clones be good, it is necessary to prove 
a large number, and this requirement usually precludes the planting of an 
adequate number' of trees of each type. It is the usual practice, therefore, 
to discard any attempt at decisive proof, and to confine what may be 
regarded as a preliminary test to a small number of trees (usually 15-25 
at planting or, say, 10~16, at maturity) of a large number of clones. As a 
result of the preliminary tests against interplanted controls of a suitable 
tained clone, any outstanding material would be planted commercially, 
these areas providing the necessary supplementary proof. 

A variety of methods has been adopted when laying out clearings of 
unproved clones: 


1. The unproved material has been equally distributed in groups at 
random over three or more blocks? in which controls of a ‘proved’ 


' The coefficient of variability for yield of a clone is about 25 per cent.; it would be 
desirable, therefore, to have at least 100 trees of each unproved clone suitably dis- 
tributed at maturity, or the equivalent of an acre for each type. 

2 The land available is generally hilly and irregular; it is usual, therefore, if three 
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clone have been included. This possibly allows the largest number 
of unproved clones to be tested in any one area. 

2. A group of control trees is sandwiched between two groups of an 
unproved clone. 

3. Trees of the unproved clone alternate with those of a proved clone. 
Although the unproved clones are strongly localized, this has the 
advantage from a commercial standpoint that a skeleton of proved 
material, regularly distributed, occurs in the clearing. 

It is desirable to maintain as high a stand as possible in clearings of 
unproved buddings, since early test-tapping results are often misleading 
as a guide to thinning out. Heusser [1], for instance, found the following 
correlations between the yield of a five-year period and the first, second, 
third, fourth, and fifth tapping years (-+-0-675, -+-0°853, +0939, +0°946, 
+-0-925). It will be noted that by the third year a high correlation 
existed, but that the younger the trees, the lower the correlation. It is 
highly probable that the few records made during one month or so, 
which usually constitute the preliminary test-tapping before thinning 
out, would show even less correlation, though it must be admitted that 
Gongrypp [2] found that with four records, taken at random, there was 
a correlation of +-o-g between an average yield arrived at from these 
figures and the true average for the month. 

Proved clones.—Clones recommended for planting have been tested on 
somewhat general lines. It now remains to prove the conditions in 
en of soil, stand per acre, and tapping system most suitable to each 
clone. 

Selection of clones—The majority of recommended clones are of 
medium or strong-growing robust types. Clones of small types have also 
been ‘proved’, but either the yield per tree is not considered sufficiently 
high, or, very early maturity with regard to yield often being incom- 
patible with vegetative vigour, the tree is not of a very desirable type. 
It has, however, been suggested that trees of the desirable small types 
might be planted and maintained at a high density, and thus ultimately 
give better results per acre than those of the larger, robust types that are 
more generally used. . 

With regard to the suitability of particular types to certain conditions, 
only indications are as yet available: owing, however, to the wide com- 
mercial distribution of the majority of the clones, evidence on this point 
will soon be obtained. Conadenliae care has to be exercised in selecting 
clones for the so-called ‘white-soil’ areas, since under such conditions 
many clones normally resistant to brown bast show considerable 
susceptibility. 

The lay-out of clearings.—In earlier bud-grafted clearings, caution dic- 
tated a policy of interplanting buddings and seedlings, or at least of mixing 
several clones in the area. Usually such mixing took the form of confining 
each clone used to one contour or row, and repeating this sequence 
throughout the area; occasionally more intimate mixing was resorted 
to, and the clones were repeated in sequence along the row or contour. 


blocks are to be made, to form one from the top, one from the middle, and one from 
the lower slopes of the hill. 
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With increasing experience of, and confidence in buddings, mono- 
clone or block-planting of areas, usually of 50 acres or more, with one 
clone has been gradually adopted. Monoclone planting has many 
advantages as it renders possible the specialized treatment of various 
clones with regard to stand per acre,! tapping system, and, if the area be 
large enough, specialized systems of manufacture. 

A suggested modification of the monoclone planting system is that two 
clones should be used at a high density and planted at alternate points. 
After some experience of growth the type less suited to the local conditions 
may be almost entirely eliminated, or both may be carried to maturity, 
and the undesired clone tapped to death between the ages 4-6 or 5-7, the 
permanent-stand trees being left untapped to mature. ‘This 1s com- 
parable with the standard and filler arrangement used in fruit orchards, 
and it has been suggested that one of the early-maturing weak-growing 
types should be used as a filler; it seems preferable, however, to use two 
first-class clones, either of which may, if desired, be carried on as a 
permanent-stand type. The disadvantages of the system would be that 
in the event of both types being carried to maturity, the high density 
necessary might impede development; on the other hand, there are 
indications that tapping checks growth and that early tapping is un- 
desirable. It is possible, therefore, that the advantage of delaying tapping 
on the permanent-stand trees might outweigh the drawbacks mentioned 
above. 

No evidence is as yet available as to the optimum general stand for 
buddings,? or as to that suitable for particular clones. A useful guide is 
to be found in the work of Tengwall [3] who, as the result of investiga- 
tions on seedling areas in Sumatra, found that a high original density (i.e. 
over 200 per acre) and a stand of about 100 per acre up to 14 years gave 
the best results. If, however, thinning of the high original stand were 
too much delayed, bark thickness, crown-development, and growth 
might be adversely affected [4]. 

Tapping systems.—Apart from the high yield of proved clones,} 
buddings differ from seedlings in that 


1. the yield does not fall off so strongly at higher tapping cuts. ‘The 
degree to which yield decreases varies with the clone but usually 
50-80 per cent. of the yield obtained at normal tapping levels may 
be harvested from cuts 80 in. above the union; 

2. in seedlings the yield increases as the tapping cut falls; in buddings 
the yield usually falls off as the cut approaches the union, though 
the height at which this occurs varies with different clones and 
sometimes even with individuals; 

3. there is usually a close correlation between girth and yield within 


' By the use of high stand per acre it would be possible to include in the planting 
programme otherwise desirable clones that are susceptible to damage by wind in youth. 

2 On the average, buddings have much larger crowns than seedlings. Another point 
is that almost invariably they have smoother bark and hence take longer to dry 
sufficiently to be tappable after rain. 

3 Grantham [5] found that in 4,500,000 seed trees only 0-73 per cent. was equal in 
yield to a good clone. + The coefficient of correlation is often about +-0°8. 
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a clone [6]. ‘This fact is of great importance in thinning out and 
obviates to a large extent the necessity for test-tapping. 


Bobilioff showed [7] that latex is usually drawn from about one metre 
of bark when the tree is tapped. The later work of Arisz [8] and Frey- 
Wyssling [9] somewhat modified this, and demonstrated that the higher 
vielding the tree, the larger the area of bark, both laterally and vertically, 
affected by tapping, and that in such cases latex was drawn from a 
greater area than had previously been supposed. 

The majority of tapping systems in general use are those of an A.B.! 
or A.B.C. system. ‘The A.B. systems are those with approximately equal 
periods of tapping and rest, whether tapping be alternate daily, or daily 
for alternating equal periods of tapping and rest. A.B.C. tapping indi- 
cates that the trees may be tapped for one-third and rested for two-thirds 
of a given period; this may be made up in a variety of ways, such as third 
daily tapping, or one year’s alternate daily tapping and six months’ rest. 
Usually but few of these systems have been tried on any one clone, and 
the differences in yield obtained by Mann when experimenting on the 
Pilmoor clones [10] indicate the desirability of trying a variety of systems 
on each clone in the endeavour to discover one specially suitable. 

Length of cut may also be varied, but it is usually considered better 
practice, as indicated by Tengwall [11], to maintain a cut on a half- 
circumference and to vary the tapping system from, say, A.B. to A.B.C., 
if necessary. 

In addition, Heusser [12] has evolved a tapping system for buddings 
of two stepped cuts one metre apart, which takes advantage of the high 
yields to be obtained from high tapping cuts. It is possible that some 
modification of this system may occur in future commercial practice. 

Nurseries and mutltiplication-beds.—Bud-wood of ‘proved’ clones is 
sold by the yard or metre, which should provide at least 15 usable buds. 
Such material is expensive, and therefore it is the practice of estates with 
plantable jungle reserve to establish closely-planted nurseries in which 
bud-wood of recommended clones may be multiplied. Most plants in a 
nursery generally attain a diameter of } in. or more in 10 months to a 
year after planting, and are then ready for budding. Each plant budded 
will, under good conditions, provide 2-3 yds. of bud-wood in a year to 
18 months, i.e. an increase of 30—40 fold. 

If the requirements of bud-wood for any one time are definitely known, 
an appropriate number of plants may have the leaflets nipped off from 
the apex of the petioles on suitable wood 10 days to a fortnight before 
use. The leaf-stalks then fall naturally and the bud usually becomes 
more active. 

It is rarely wise to endeavour to maintain an area as a multiplication- 
bed for more than 5 or 6 years, as frequently the plants become liable 
to wintering (i.e. the leaves drop) and the bark becomes temporarily 
unstrippable. Under such conditions the area is turned into a clearing 
and permanent-stand trees are marked out at about 16 ft. x 16 ft. ‘The 

' Brown bast, apart from soil influences, appears to be a function of the tapping 


system, and it is probable that a clone rather susceptible to brown bast on an A.B. 
system might be reasonably resistant on one of the A.B.C. systems. 
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remaining trees are either removed or some are temporarily retained as 
sources of bud-wood. 

Budding technique.—This is similar to grafting-practice elsewhere, but 
the following brief notes may help to indicate such differences and diffi- 
culties as occur. A plan is made by cuts to the wood on the stock at 
ground-level in the shape of a truncated cone about 2}~3 in. long, an 
inch wide at the base, and tapering to about } in. at the apex. The flap of 
bark thus formed is pulled open from the top and a trimmed bud-patch 
of convenient size inserted. The flap is replaced and held firmly in 
position with the thumb while the whole is bound up with some suitable 
material, such as waxed cloth (a proprietary wax, ‘Entwax’, is usually 
used, as most paraffin waxes are injurious to the bark) or pisang fibre. 
Occasionally the edges of the flap are waxed before binding. After 18-21 
days, according to the weather and the vigour of the stocks,' the 
bandages are opened, and the successes noted. After 7-10 days a second 
inspection of the plants is made and those with living buds are cut down 
to within }—1 in. of the bud-patch by means of a sloping cut, usually made 
to slope away from the io. On some estates the unhealed wood round 
the bud-patch is waxed after opening. When budding in the field, it is 
necessary to fix a shade of rubber leaves (obtained from the stock) over 
the bandaged bud-patch. Successful plants should also be provided with 
a stake to which the bud-shoot may be tied to prevent wind and other 
damage. These precautions are unnecessary when budding in a densely 
planted nursery. Pruning is carried out regularly, as required, and the 
main stem is maintained clean, up to 6 or 8 ft. In some clones it may be 
—? to induce branching by leaf-pruning or stopping the apical 

ud.? 

The bud-wood is carefully shaded before use. The coolie cuts a supply 
of bud ‘chips’ (bark and wood), which are stored in his work-box with the 
bandages. The wood is stripped from these ‘chips’ as they are required 
for use, and the bud-patch 1s usually trimmed to a roughly rectangular} 
shape, with the bud in a central position, before insertion. 

A coolie should bud 100 to 150 plants a day, depending on whether he 
is budding in the field or in the nursery, and he should obtain about 80 
per cent. of successes in the former and go per cent. in the latter. 

Treatment of snags on normal stocks —On cutting back, the cut surface 
may be treated with ‘Entwax’ or tar, although this treatment is often 
omitted without any apparent ill effects. Formerly, when the bud shoot 
was 6 or g months old, and had developed about 6 in. of brown wood at 
its base, the snag was removed by a cut starting at the base of the bud- 
shoot and sloping down at an angle of 45°. On normal stocks this 
practice is no longer considered essential, and the snag is frequently 
allowed to die back, and heal off naturally. 

' In wet weather or with vigorous stocks a shorter period, and in dry weather or with 
poor stocks a longer period, is taken. 

2 Trees with 15-20 ft. of main stem (as opposed to the usual 8-10 ft.) surmounted 
by a heavy crown are necessarily more susceptible to damage by wind. 

3 When using green wood of a smaller circumference than the stock, the patch is 


usually made more triangular in shape, with the bud towards the base. This, it is 
claimed, prevents splitting of the bud-patch when binding. 
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The establishment of a budded clearing —This is accomplished either by 
planting budded stumps (or even stumped buddings) or by budding in 
the field. If budded stumps are planted, there is a gain of about a year in 
age, but in countries, such as Malaya, with a heavy, though somewhat 
irregular and unreliable rainfall, the planting of budded stumps, except 
in low-lying land with a high water-table, has often been attended with 
such heavy casualties that this method of planting has fallen into dis- 
favour, and will be but briefly noticed. 

Budded stumps.—Seven to ten days after the plants that were success- 
fully budded in the nursery have been cut back, they should be lifted, 
together with about 18 in. of tap-root, transported to the field, and 
planted. The lateral roots may either be pruned off flush with the tap- 
root, or, preferably, allowed to remain about 6-9 in. long.' After planting, 
the bare soil round the stump should receive a protective mulch of cover 
crop, and, as when budding in the field, a stake should be provided for 
each bud-shoot. 

It is usually thought preferable to plant 7-10 days after cutting back 
rather than to wait till the bud has actually shot, in order to avoid damage 
during transport and planting. 

Budding in the field —Six germinated seed at stake or preferably three 
basket plants are used per point. Six months after planting, a thinning- 
out round is often undertaken and the number of plants per point 
reduced, usually to two. About one year after planting, the trees should 
be ready for budding,? and all buddable? plants in the clearing should 
then be grafted. Where more than one successful bud-graft occurs at a 

oint, the surplus plant may either be used as a supply or thinned out. 
lhe thinning out is usually better deferred till 6-9 months after budding, 
when the less vigorous excess plant may be removed with little root- 
disturbance to its neighbour. 

Budding large stocks —Owing to lack of confidence in budded material, 
many estates allowed their clearings to reach an age of 2—4 years before 
finally deciding to bud. Such conditions are never likely to recur on 
efficiently managed properties, but the difficulties arising, and the means 
used to combat them, may be briefly described. ‘The main problems were 
a greatly increased cost of budding, a reduced percentage of successes, 
and the difficulty of treating the large wounds made by cutting back the 
stock. 

The Garotte method.—Budding is done at the normal height, but the 
panel is inverted and about } in. of bark is removed from the base of the 
flap. The bark is opened from below, the bud inserted and covered by 
the flap, above which a piece of bamboo about the same size as the panel 
on the stock is placed, and held in position by an encircling wire. It is 
claimed that this method is cheaper than using waxed cloth, and that the 
results are as good; also, the bamboo and wire may be used repeatedly. 


! This is found to result in earlier shooting of the bud [13]. 

2 One to two oz. of quick-acting artificial fertilizer per point may often be used to 
advantage one month or more before budding. 

3 At certain growth stages, i.e. when a new whorl of leaves is developing from the 
apical bud, the bark of the stock is difficult to strip, and such plants are regarded as 
temporarily unbuddable. 
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High budding.—On large stocks it is easier to open and bud the smooth 
upper bark than the corky lower bark. Budding, therefore, has often 
been done with greater success at heights up to 2 ft. from ground- level. 
‘The tapping panel, usually of about 4 ft., may thus in extreme cases 
contain 2 ft. of bark from the stock, and, though it is claimed that the scion 
will favourably influence the yield of the stock, it is admitted that, even 
if this be so, one cannot generally expect a yield comparable with that 
of the clone used. 

Cutting back.—The finally successful buddings are cut back to about 
8 in. above the bud-patch, and in order to avoid any danger of splitting, 
this should be done in two operations. ‘The removal of the snag is 
essential with large stocks and when 3-6 in. of brown wood are showing 
at the base of the bud-shoot, this may be done by a cut at an angle of 45°, 
starting at the base of the scion. 

Treatment of cut surfaces.—A variety of treatments (e.g. tar, Entwax, 
and sulphur, Aspheltum and kerosene, and Aspheltum and Solar oil) has 
been tried with varying success. ‘The one at present recommended is 
Aspheltum and Solar oil [14]. Care must be taken to keep this mixture 
away from the bark and young wood. Entwax and sulphur give good 
results if the cut is shaded, otherwise it is liable to melt and run down, 
killing the bark. 

Staking.—Scions on large stock make very vigorous sappy growth and 
require firm staking to prevent breakage. Leaf-pruning, or stopping of 
the apical bud, may be necessary to induce branching at a suitable height. 

Seed-selection in relation to budding.—It is probable that most desirable 
economic genotypes are already represented in the millions of rubber 
trees that now exist. Apparently, therefore, the majority of desirable bud 
parents could be obtained merely as the result of observation and selec- 
tion on existing types. ‘The differences of environment and age are so 
considerable, however, that the difficulties of comparison are almost 
insuperable. Sexual and asexual selection of Hevea will in consequence 
probably advance together, bud-grafting providing the necessary proved 
genetic material on which breeding ik may be based, and selection 
from the seedlings produced as the result of hand pollinations supplying 
the clones of the future. Strains of seed, it is true, may be evolved which 
will temporarily replace buddings as planting material, but since the best 
of these seedlings will be used as bud-parents providing new and better 
clones, it is unlikely that buddings will | be permanently displaced from 
new plantings, unless or until a pure strain of high- yielding, disease- 
resistant and vegetatively desirable Hevea is attained. ‘This is rather a 
remote possibility. 

Genetic work has another role in relation to budding: the provision of 
improved strains of stock, and to this end experiments on various types 
of clonal seed are already under way. 
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EXPERIMENTS WITH YAMS IN TRINIDAD, 1931-3 
R. CECIL WOOD 
(Imperial College of Tropical Agriculture, Trinidad) 


THe Yam (Dioscorea sp.) is an important crop in many parts of the 
tropics. It is widely cultivated in the West Indies, and for some time 
past has been the subject of experimentation at the Imperial College 
of ‘Tropical Agriculture. 

Brown [1] in 1931 gave an account of the practices prevailing in the 
cultivation of this crop, and brought together the results of the work that 
had been done up to that time. Since then a further two seasons’ work 
has been done, the results of which are now presented. 

The experiments fall into two groups: those dealing with varieties, 
and those dealing with cultural and manurial methods. ‘The experiments 
of the 1931-2 season were carried out by two students of the College, 
who have recorded their results in the dissertations which they submit 
for the College Associateship [2, 3]. 


Part I. Varietal Experiments 


Most of the common yams come into one or other of four species, 
Dioscorea alata, D. esculenta, D. cayenensis, and D. rotundata. ‘The 
first-named includes all the strains of the Greater Yam: authorities 
differ as to the number of species to be made out of the Lesser Yam, but 
D. esculenta will cover most of the strains of this type. D. cayenensis is 
the African type of yam. 

Work by Brown (l.c.) showed that eight types were worth further 
trial, and these were carefully compared in 1931-2 by Wright [3]. 


EXPERIMENT I, 1931-2 


Comparison of Eight Varieties of Yam 


Varieties 1. D. alata ‘Lisbon’. 5. D. alata ‘Red’. 

tested. 2. ‘Cap-la-eau’. 6. ‘Seal Top’. 
»  ‘Bottle-neck’. 7. D. cayenensis ‘Yellow’. 
4. Re ‘White’. 8. D. esculenta ‘Chinese’. 


Lay Out. Four blocks, each of eight plots; the varieties randomized in 
each block. 

Size of Plots. 20 ft. by 20 ft. (1/109 of an acre); containing four five-foot 
rows or banks: sets planted 24 in. apart in the row. 

Manure. 15 tons compost, 4 cwt. bonemeal, 4 cwt. superphosphate, 
2 cwt. sulphate of potash per acre. : 

History (Field 23). Previous crop maize. Planted June 13, 1931; bamboo 
props put in July; harvested February 12-13, 1932. 
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Expt. I. Yield data (Ib. per plot) 
Variety 
: Block F 2 3 4 5 6 7 8 Total 
A 331 188 367 303 164 186 336 281 2,156 
' B 391 253 287 250 156 350 208 202 2,097 
& 288 211 333 277 242 257 238 290 2,096 
> ' D 346 257 292 409 231 232 248 285 2,300 
Total 1,356 909 1,279 1,239 1,058 8,649 
P Observed value of z, 0°5876. Theoretical value (5°,,), 0°4572. S.E. of 
_ a single plot, 53-7 lb. The significant difference between treatments 
: (t = 208) is 3°85 tons per acre. 
_ The analysis of variance shows that the experiment possesses general 
significance, and the results are appended. 
Expt. 1. 
‘ ; No. Name Tons per acre 
t 1. D. alata . Lisbon 16°49 
3. D.alata_. .  Bottle-neck 15°54 
4. D.alata . . White 15°05 
8. D. esculenta . | Chinese 12°84 
7. D. cayenensis . Yellow 12°53 
6. D.alata . . Seal Top 11°98 
2. D.alata_. .  Cap-la-eau 11°06 
5. D.alata . . Red 8°43 
5 A further trial of some of the above varieties which seemed to be 
t ! superior was carried out in 1932-3. 
EXPERIMENT II, 1932-3 
r | Comparison of Five Varieties of Yam 
Varieties tested. 1. D. alata ‘Lisbon’ (L.); 2. D. alata ‘Bottle-neck’ (B.); 
3. D. alata‘White’ (W.); 4. D. esculenta ‘Chinese’ (C.); 5. Mixed (M.). 
Lay Out. A Latin square; the five varieties were replicated five times. 
Size of Plots. 30 ft. by 30 ft., i.e. 1/48 of an acre, approximately. 
Manure. Compost 20 tons, fish 2 cwt., Nicifos 1} cwt., superphosphate 
I cwt., muriate of potash 1 cwt. per acre. ‘he whole field had a 
: dressing of 7 tons of ground limestone after the previous crop. 
_ History (Field 4). Previous crop sorghum, reaped in May. Carting 
| compost and applying limestone till middle of June. Planting 
June 23. Harvesting February 7-25. 
Ay 
Exp t. I. Yield data (lb. per plot) 
7 f L. 265 B. 150 W. 190 C. 209 M. 151 


B.. 323 C. 210 M. 208 W. 159 L. 193 
W. 270 M. 170 C.. 136 L. 258 B. 208 


‘ 

C.. 240 L. 249 B. 171 M. 122 W. 155 
f M. 257 W. 158 L. 291 B. 261 C. 366 

} 


3988.4 Y 


| 


318 R. CECIL WOOD 


Observed value of z, 0-412. Theoretical value of z (5°%,), 05907. 


S.E. of a single plot, 46-64 lb. 


The analysis of variance shows that there is no general significance, 
and too much reliance should not be placed on the figures which are 
given below. ‘They support the superiority of Lisbon in the alata class. 


Expt. IT. 
Variety Tons per acre 
Lisbon 5°44 
Chinese 5°22 
Bottle-neck 4°82 
White . 4°03 
Mixed . 3°93 


Discussion. ‘Vhe conclusion may be drawn from the above experiments 
that there is not very much difference in the yields of these varieties. 
Lisbon, Bottle-neck, and White are all rather similar types: the first- 
named is the best for general purposes. Bottle-neck is rather poorer in 
quality, being slightly more fibrous. White is a mixture of types, many 


of which appear to be similar to Lisbon or Bottle-neck. 


Chinese is an entirely different type: it climbs clockwise, whilst all 
alata types climb anti-clockwise; it is spiny, whilst they are smooth, and 
it produces a denser but smaller foliage, which keeps green longer than 


that of the alata types. 


Not only must yield be taken into account in deciding on the variety 
to select for cultivation, the quality must also be considered. Wright (I.c.) 
had the varieties in Expt. I analysed for their contents of starch, con- 
sidering that a high starch-content implied a ‘mealy’ tuber of good 
eating quality. ‘The ‘Table below gives the starch and dry matter per 
acre in lb. (‘Starch’ includes all carbohydrate material, less an arbitrary 


value for fibre-content.) 


Starch 


6,845 
5,849 
6,356 
6,896 
7,362 
5,083 


Expt. I. 
lb. per acre 
Variety Dry matter 
Lisbon . 8,170 
White. ‘ 7,718 
Chinese . ‘ 7,768 
Yellow . 8,211 
Cap-la-eau ‘ 6,188 
Red ‘ 5,019 


The figures bear out certain points of general belief relating to the 
quality of yams. Yellow is best in mealiness, and this variety is, in fact, 
highly prized for quality. Lisbon confirms the general opinion held 


about it, as the best of the alata types. 


The general conclusion that may be drawn is that if an alata type 
is desired, Lisbon is the one to grow, both for quality and quantity. 
It is universally popular and commands a ready sale. ‘The Chinese yam 
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is not popular, and though some consider it excellent, it does not sell 
well. It may be noted that its small and regular shape makes it easier to 
lift than any of the others. 

Yellow, the only cayenensis type, produces a much-branched root, 
which offers particular difficulty in harvesting and storing; but though 
its delicate flesh is appreciated by some, there is no market for it in 
‘Trinidad. 

Part II, Cultural Experiments 

One of the most expensive items in yam cultivation is the cost of 
providing props for the climbing vines, for unless the vines are en- 
couraged in this way to form a large leaf-surface, the yield will be 
seriously reduced. Brown (l.c.) devoted some attention to this problem, 
and suggested various possible alternatives, such as planting maize along 
the rows, or putting in stakes of Glyricidea maculata. He was able to 
show by experiment that neither maize stalks nor Glyricidea were 
sufficiently strong to bear the weight of the fully grown vines. A 
further trial carried out in the next season compared maize planting 
with the standard bamboo propping, the sets being planted at three 
different distances. 


EXPERIMENT III, 1931-2 
Comparison of Two Methods of Propping using Three Planting Distances 


Practices 'Vreatment 1. Bamboo stakes, planted 15 in. 


tested. 2. — 
” 3. ” ” 33 ” 
4. Maize staking, 
” 5- ” ” 24 ” 
” 6. ” ” 33 ” 


Lay Out. Six blocks with the six treatments randomized in each block. 

Size of Plots. 20 ft. by 40 ft., or approximately 1/55 of an acre. 

Manure. 4 cwt. bonemeal, 2 cwt. sulphate of potash, 4 cwt. superphos- 
phate, 52 loads of compost per acre. 

History (Field 23). Planted with Lisbon, June 13. Maize dibbled in, 
June 16. Supplying bamboos, June, July, and August. Maize 
singled July 30; harvested September 24. Weedings July 15; 
August 8; September 30. Yams harvested January 25. 

Expt. II. 

Yield data 
(/b. per acre) 


Blocks I 4 5 6 Total 
A 560 613 585 472 432 384 3,046 
B 560 652 745 379 416 479 3,231 
e 656 611 590 494 458 412 3,221 
D 661 528 512 489 486 466 3,142 
E 663 661 569 371 380 352 2,996 
dl 617 552 571 414 502 435 3,091 


Total | 3,717 3,617 4-592 2,619 2,674 2,528 18,727 
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The observed value of z for the methods of staking is 2-1834. The 
theoretical value (1°) is 1-0251. The different spacings and the inter- 
action show no significance. 5.E. = 58-35 lb. 


Expt. III. 


Yield 
Treatment u (tons per acre) 
Maize staking . 10°66 
Bamboo staking 14°87 
Difference 4°21 The significant dif- 
15-in. spacing . 12°96 ference -0-98 tons 
24-in. spacing . é 12°87 
33-in. spacing . 12°47 
Differences . 0°09 and o-40 


The question of the best distance at which to plant was also investi- 
gated in another composite experiment which compared three distances 
of planting, and three manurial treatments. 


EXPERIMENT IV, 1931-2 
Comparing Three Spacings and Four Manurial Treatments 
Practices tested. 
15 in. spacing Plot 1) 4 7 10) Trash 
24in. 4, 2;Control 5)'Trash 8)Compost 11} and 
33 in. - a 3) 6 9 12) Compost 


Trash was applied to plots 4, 5, 6, 10, 11, 12, at the rate of 10 tons 

to the acre. Compost to plots 7 to 12, at 15 tons. 

Lay Out. Four blocks, in each of which the 12 plots were arranged at 
random. 

Size of Plots. 20 ft. by 40 ft., or 1/55 of an acre approximately. 

Manure. 4 cwt. bonemeal, 4 cwt. superphosphate, and 2 cwt. sulphate 
of potash per acre, applied to top of banks before sets were planted. 

History (Field 23). Sets planted March 12. Weedings done at intervals. 
Harvested at end of February. 


Expt. IV. 
Yield data 
(lb. per plot) 


Blocks I 2 3 4 5 6 7 & 9 10 Ir 12 Total 
A 525 608 487 598 567 544 631 590 563 645 649 431 6,838 
B 552 582 472 626 609 452 640 504 646 593 532 543 6.871 
Cc 520 586 = =440 535 530 550 628 614 591 607 639 557 6,797 
D 442 411 593 550 564 586 635 636 500 45 556 6,643 


Total 2,122 2,218 |1,810 2,352 | 2,256 2,140 2,485 | 2,433 | 2,436 | 2,345 2,465 | 2,087 27,149 


The observed value for z in the case of the manurial treatments is 
1-242: in the different spacings the figure is 1-141. In both cases this 
is considerably in excess of the theoretical figure, and the results possess 
definite significance. 


eee 


| 


Ss 
e 


| 
| 
= 
\ 4 
| 
| 
i 


EXPERIMENTS WITH YAMS IN TRINIDAD, 1931-3 321 
| ‘Yield 
(tons per acre) 


Spacing. 15 in. 
24 in. 14°24 
33 in. 3 . 12°88 The significant dif- 
ference tons 
Manures. Control. 12°15 
Trash 13°65 
Compost . 14°89 
Trash and 
Compost ; 13°98 The significant dif- 


ference tons 


In both Experiments III and IV it was fairly evident that close 
spacing gives heavier yields, and accordingly, in the 1932~—3 season, an 
experiment was designed to ascertain whether this dense planting could 
not be obtained by reducing the distance between the rows. 


EXPERIMENT V, 1932-3 
Comparing Two Widths of Bank using Three Spacings in the Bank 


Treatments. 1. Four-foot banks planted 12 in. apart. 
2. ” ” ” 18 ” 
3. ” ” ” 24 ” 
4. Five-foot 12 
5. ” ” ” 18 ” 
6. 2 


” ” ” ” 
Lay Out. Four blocks with the six plots randomized in each. 
Size of Plots. 40 ft. by 30 ft., or approximately 1/36 of an acre. 
Manures. Compost 20 ‘tons, ‘super’ 1 cwt., fish manure 2 cwt., Nicifos 
1 cwt., ground limestone 7 tons, muriate of potash 1 cwt. per acre. 
History (Field 4). Previous crop: students’ variety plots. Compost 
applied May 23—June 11 and ploughed in. Limestone applied and 
harrowed in, June 16. Sets ene June 26. Harvested February 


and March. 
Expt. V. 
Yield data 
(lb. per plot) 
Treatments 
Block I 2 % 4 5 6 Total 
A go2 315 532 797 944 274 3,764 
B 387 635 564 784 669 551 3,590 
C 777 391 300 787 515 338 3,108 
D gio 807 421 682 286 216 3,322 


Total 2,976 2,148 1,817 3,050 2,414 1,379 | 13,784 


The observed value for z for the spacing is 0-887. The theoretical 
value (5°,) is 0°6518, 0-9249. S.E. = 206 lb. The significant 
difference for the yields from the spacing plots is 3°5 tons an acre; the 
results from the ridging plots are not significant. 
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Expt. V. 
Yield 
Plots (tons per acre) 
Spacing 12 in. ‘ ; 12°05 The significant dif- 
18 in. ference = 3°5 tons 
24 in. 6:60 
Banks 4 ft. 9°26 


As a result of these experiments, it would appear that if the land is 
well manured, the crop may be planted much more closely than is 
generally done. ‘There is no evidence that the limit has yet been reached, 
but it is not likely that less than 12 in. in the ridge will prove superior, so 
that the question of the width of the banks is worth further investigation. 

Finally, an investigation was made into the time of planting, and this 
was combined with the use of a mulch of trash for the early planted 
plots, to protect the seedlings from the heat of the sun. 


EXPERIMENT VI, 1931-2 
To Compare Early Planting, with or without the use of a Mulch, with 
Late Planting unmulched 

Treatments. (1) Planted in March, mulched; (2) planted in March, 
unmulched; (3) planted in June, unmulched. 

Lay Out. Eight blocks with the plots randomized in each block. 

Size of Plots. 20 ft. by 40 ft. Each plot of 5 ridges of four-foot width. 
Sets planted 24 in. apart in the ridge. 

Manure. Compost at 15 tons an acre, fish manure 2 cwt., sulphate of 
— 2 cwt., and 3 cwt. superphosphate applied immediately 
efore ridging, end of March plots, or end of May for plots planted 
in June. 

History (Field 20). Previous to this crop the land had been waste. Plant- 
ing March 1o and June 2. Mulching on March 11. 

Expt. V1. 

Yield data (lb. per plot) 


Treatments 


Blocks I 2 3 Total 
A 507 446 439 1,392 
B 455 494 494 1,443 
C 545 478 417 1,440 
D 524 600 604 1,728 
E 489 521 430 1,440 
F 519 495 446 1,460 
G 554 501 489 1,544 
H 569 525 452 1,546 
Totals 4,162 4,060 4.9791 11,993 


Observed value of z, 0-4254. ‘Theoretical value for 5°, chance, 0-6594. 
‘The experiment shows no general significance; the observed differences 
are, in any case, slight. 
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Discussion.—The particular point that has received most attention in 
the above experiments is that of spacing, and the results so far have been 
definitely in the direction of closer spacing. 
Combined Figures for Spacing Tests 


Yield (tons per acre) 


Spacing Expt. IIT Expt. IV Expt. V 
. 12°41 
- . 12°96 14°14 
9°42 
12°87 14°24 6:60 
12°47 12°88 


It is not likely that it will pay to plant much more closely than 12 in. 
in the row; only one experiment to test the effect of reducing the distance 
between banks has been tried, but with inconclusive results, and this 
point is probably worth fuller investigation. 

The question of propping is not quite so simple. ‘There is no doubt 
that the highest yields are obtained by the use of an adequate number of 
strong bamboo stakes which, if partly trimmed, afford a satisfactory 
support for the vines. Such bamboos, however, may be difficult and 
therefore expensive to obtain, and it is worth while seeing whether any 
alternative is possible. Brown’s experiments showed that Glyricidea 
stakes were satisfactory up to a point, in fact, the young vines seemed to 
prefer the thinner stems, but that later on the weight of the vines was 
too much for them, and the stakes collapsed, though where the stakes 
had rooted themselves, this was not so noticeable. In the case of maize, 
Brown recognized the. inevitability of this collapse, and suggested 
bending over the maize plants at about 3 ft. from the ground, at the time 
that the cobs were reaped. This results in a dense mat or cover over the 
ground, which by shading will prevent weed-growth, and thus economize 
weeding charges. 

It comes down in the end to a question of expense: the present 
experiment showed a loss of 4 tons of tubers per acre, against which 
there is to be set the value of 3,200 lb. of maize cobs. 

The correct time at which to plant is less easy to define, as it depends 
to such a large extent on the weather. On the west coast of Africa the 
practice is to plant in the dry weather, in which case a mulch or cap of 
trash or dried grass is placed over the set, to protect it from the heat of the 
sun. If planting is postponed until the rains have set in, this mulch is 
not needed, but such late planting is said to be inferior as a rule in point 
of yield. Conditions in ‘Trinidad are different, and it seems as though 
there was little advantage in mulching; in an average year, it is improb- 
able that the soil temperature ever reaches a height likely to damage the 
set. As far as early planting is concerned, a rather higher proportion of 
blanks may be expected, but on the other hand supplies in the late- 
planted plots do not get away in time to make much growth, so that the 
stand at harvest time is very similar in both cases. 
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Expt. VI. 
Treatment Germination August 15 Harvest 
Plot No. July 16 After supply stand 
I 99°2 95°3 
2 91°3 98°3 97°3 
3 98-00 100°0 94°0 


From the farming point of view, there is no advantage in early plant- 
ing, as the extra yield is problematical and the period March to June 
could be utilized in most years to grow a crop like Phaseolus vulgaris or 
Phaseolus mungo. 

The results of applying manure are a little difficult to interpret 
(Experiment IV). The compost used is chopped maize straw, to which 
has been added ground limestone, ammonium sulphate, and super- 
eo. to facilitate decomposition. It was used in most cases in a 

alf-decomposed state, and very quickly disappeared in the soil. ‘The 
trash was applied at the bottoms of the furrows, which were after- 
wards split. ‘The compost was applied when the furrows were half made, 
both when it was applied by itself, or in combination with the trash. 
Both treatments increase the yield, a result quite different from that 
tentatively obtained by Brown (l.c.), but the combination of the two 
treatments appears to have little effect. It may be a question of inter- 
ference with the supply of water to the young plant, or it may be due to 


the decomposition of the trash taking up soluble nitrates and rendering 
them unavailable for the crop. 


Summary 


1. Of the alata varieties, Lisbon has shown itself the best. A variety 
of D. esculenta—Chinese—has proved a heavy yielder, and easy to culti- 
vate, but does not meet the popular taste. A variety of D. cayenensis is 
good in quality, but difficult to lift. 

2. Increased yields are obtained from closer planting in the row, but 
have not been observed from reducing the distances between the rows. 

3. Planting in the dry weather possesses no advantage in ‘Trinidad; if 
it is practised, there is no need to protect the young set by a mulch of 
trash or grass, as is desirable in West Africa. 

4. Partially decomposed vegetable matter, such as compost, increases 
the yield, but additions of raw organic matter may have little effect. 
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THE EFFECT OF NITROGENOUS FERTILIZERS ON 'THE 
GROWTH AND YIELD OF WHEAT AND BARLEY 
IN SOUTH AUSTRALIA! 


Pt. I. THE EFFECT OF A PREVIOUS CROP IN THE RESPONSE 
OF WHEAT TO NITROGENOUS FERTILIZERS, AND THE EFFECT OF 
INCREASING AMOUNTS OF NITROGEN ON BARLEY 


A. E. V. RICHARDSON and H. C. GURNEY 
(Waite Agricultural Research Institute, University of Adelaide) 


Effect of a Previous Crop on the Response of Wheat to Nitrogenous 
Fertilizers 


BARE-FALLOWING is the recognized cultural basis for wheat-growing over 
the greater part of the wheat-belt of Australia. Its advantages have 
already been referred to, and the explanation of its benefits rests mainly 
on the ground of moisture-conservation, promotion of nitrification, clean 
cultivation and better tilth for plant-establishment. In the more favoured 
regions, however, the winter rainfall is adequate for heavy crop-produc- 
tion and the distribution of the rainfall is usually favourable for ensuring 
tilth and a clean seedbed. If, however, fallowing is replaced by a system 
of growing wheat in rotation with other crops, it is probable that the 
processes of nitrification will proceed so tardity that the wheat crop may 
suffer from lack of nitrogen unless preceded by a leguminous crop such 
as peas, or a forage crop fed off by stock, or unless a nitrogenous fertilizer 
is applied. 

Investigations were commenced in 1929 to determine to what extent 
the yield of wheat was likely to be affected when grown after (1) wheat, 
(2) barley, (3) oats, (4) peas, (5) bare-fallow, with and without phosphates 
and phosphates and nitrogen. 

During 1929 4 series of 120 plots was laid down in 30 blocks of four 
plots each. Six groups of four plots were fallowed and each of the follow- 
ing crops was sown in six randomized blocks of four plots each, namely, 
Sepoy wheat, Cape barley, Brunswick peas, Early Burt oats. ‘There were 
thus in 1929, 24 plots of fallow and also 24 plots of wheat, of barley, of 
oats, and of peas. These plots were sown without fertilizer. 

The mean yield of the 24 replicates during 1929 was: 


Bush. per acre 


Barley. 53°6 
Peas. ‘ 202 


In 1930 the whole area (excluding the bare-fallow plots) was pe 
and worked down to a satisfactory tilth and the entire 120 plots sown 


' The experimental results obtained in the period 1928-30 have been published 
previously in South Australia.—Ed. 
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with Sepoy wheat. There was thus a comparison of the following 
treatments: 

1. Wheat after bare fallow. 

2. Wheat after wheat. 

3. Wheat after barley. 

4. Wheat after oats. 

5. Wheat after peas. 

Within each treatment there were six replicate plots receiving 

(a) No fertilizer. 

(6) Superphosphate, 2 cwt. per acre. 

(c) Superphosphate, 2 cwt.-+1 cwt. sulphate of ammonia. 

A similar delicate area, with identical lay-out, was provided to give 
each year a series of 120 wheat plots grown in rotation with wheat, oats, 
barley, peas, and fallow. 

The results of the tests for the past three years are summarized in 
Table 7. 

TABLE 7 


Comparative effects of Phosphate, and Phosphate plus Nitrogen, with no 
Fertilizer, on the Yield of Wheat grown in rotation with (a) Wheat, 
(b) Barley, (c) Oats, (d) Peas, (e) Bare-fallow 


a 
Response to 


No 2 cut. I cut. 
Rotation Season fertilizer super. sulph. ammonia P PN N'! 
1930 25°9 41°0 46°8 
Wheat after wheat 1931 14°9 19°2 28°3 
1932 29°1 37°4 
1930 22°9 39°6 
Wheat after barley . 1931 14°3 20°3 29°9 
1932 27°0 30°8 36°8 
Mean 21°4 30°2 37°3 88 159 
1930 27°5 43°9 50°0 
Wheat after oats 1931 15°3 20°6 27°2 
1932 30°0 32'0 38-9 
Mean 24°3 38-7 79 144 
19390 31°9 49°7 52°5 
Wheat after peas 1931 21°5 32°8 40°2 
1932 36°2 38°5 46-6 
Mean 29°9 40°3 46°4 10°4 165 6:1 
(1930375 55°6 
Wheat after fallow . 1931 12°8 37°2 38-6 
1932 49°7 49°7 
Mean 28-0 47°5 47°7 19°5 19°7 


' These values obtained by difference, i.e. PN—P. 
‘The mean results for three seasons may be summarized as follows: 
1. ‘The highest yields were obtained either without fertilizer or with 
2 cwt. superphosphate and 1 cwt. sulphate of ammonia per acre when 
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wheat was grown after bare-fallow or after peas. Wheat after oats gave 
significantly higher returns than wheat after barley or wheat after wheat. 

2. Superphosphate gave its greatest effect with wheat after bare-fallow, 
the mean yield of wheat being increased by no less than 19-5 bushels per 
acre for the three years. The response of superphosphate with wheat 
after peas was significantly higher than with haat after cereals, but less 
than with wheat after fallow. 

3. The application of a supplementary dressing of 1 cwt. of sulphate 
of ammonia per acre gave no significant increase with wheat after bare- 
fallow, but there was a substantial response with wheat sown after wheat, 
barley or oats. The increase in yield due to 1 cwt. sulphate of ammonia 
with these three rotation systems ranged from 6-5 to 7-7 bushels per acre. 

4. The position of wheat after peas is of interest. ‘Though the previous 
pea crop presumably added supplies of organic nitrogen to the soil, the 
amount was insufficient to enable a full crop to be grown without sulphate 
of ammonia. The mean increase in yield of wheat was 6-1 bushels per 
acre for the three seasons. 


The Effect of Increasing Amounts of Nitrogen on Barley 


Barley is usually sown on land which has been cropped the previous 
season with wheat or oats, or on land ploughed from grass. ‘The results 
of the permanent manurial experiments with barley at the Waite Institute 
show that over a period of eight years, 1925-32, the grain yield was 
increased by 4:8 bushels per acre, with a dressing of 12} lb. of nitrogen, 
applied either in the form of sulphate of ammonia or as nitrate of soda. 

An investigation was undertaken in 1930 to determine the effect of 
sulphate of ammonia on barley when the fertilizer was applied in quanti- 
ties ranging from 14 lb. to 600 Ib. per acre. Nine manurial treatments 
with nine randomized replications of each treatment were sown in the 
form of a Latin square. The nine treatments were as follows: No 
nitrogen; sulphate of ammonia 14 lb., 28 lb., 56 lb., 112 Ib., 224 Ib., 
300 lb., 425 lb., and 600 Ib. per acre. ‘The land used for the investigation 
had been under an unmanured oat crop the previous season. 

To remove the possibility of soluble phosphate being a limiting factor 
to nitrogen, the whole of the plots were treated uniformly with a basal 
dressing of 288 lb. of superphosphate drilled in with the seed. The 
sulphate of ammonia was mixed with sand, and the requisite quantities 
for each treatment were broadcast through a drill immediately after the 
plots were seeded. 

The results are summarized in Table 8. 

The main results of the investigation may be summarized as follows: 

1. Yields of total produce and grain were increased by applications of 
sulphate of ammonia ranging from 14 lb. to 425 lb. per acre. 

2. The nitrogen-content of the barley grain was unaffected by dress- 
ings up to 56 lb. sulphate of ammonia. Dressings in excess of 56 lb. per 
acre increased the nitrogen-content of the grain. The nitrogen-content 
of the grain from the heaviest dressing was 50 per cent. higher than that 
receiving no nitrogen. The samples of grain from treatments ranging 
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TABLE 8 


Malting Barley (Pryor)—Waite Institute, 1930 


Ratio: Increase due to 
Dressing Percentage | Grain to Yield per acre = N aregen 
(lb. per of nitrogen total Total Total 
acre) in grain produce produce Grain produce Grain 
% % cut. bush. cut. bush. 
° 1°50 48°3 43°9 
14 1°51 47°5 47°0 49°9 31 2°4 
28 151 471 50°6 53°4 6-7 59 
56 1°51 47°0 53°0 55°6 gt 81 
112 1°59 46°5 58°5 60°9 14°6 13°4 
224 1°68 46°4 64°5 67°0 20°6 19°5 
300 1°79 46°1 67°7 69°9 23°8 22°4 
425 201 45°5 69°9 26°0 
600 2°28 45°3 69°6 70°7 


Nore: The standard error of the experiment is: for total produce o-g1 cwt., and for 
grain 0°86 bushel per acre. 


from 300 lb. to 600 Ib. per acre were considered by a competent maltster 
as unsuitable for malting. 

3. There was a consistent decline in the proportion of grain to total 
produce with increasing quantities of sulphate of ammonia. 

Fe 4. A dressing of 1 cwt. sulphate of ammonia per acre increased the 
eae grain yield by 13-4 bushels per acre, whilst a 2 cwt. application increased 
| the yield by 19:5 bushels per acre. ‘The increments in yield due to suc- 
wal cessive moieties of sulphate of ammonia became progressively smaller 
and furnish an example of the Law of Diminishing Return [1]. 

(a) Relationship between yield of barley and amount of nitrogenous 
fertilizer.—Mitscherlich [2] attempted to formulate a law for plant-yield, 
based upon the relation between the yield of the crop and the intensity 
of the environmental factor (fertilizer). According to Mitscherlich, if all 
the conditions were ideal a certain maximum yield would be obtained, 
but in so far as any essential nutrient is deficient there is a corresponding 
shortage in the yield. Further, the increase in crop yield produced by 
a unit increment of the lacking factor, in this case nitrogen, is propor- 
tional to the decrement from the maximum attainable yield. 

If A is the maximum yield obtainable when the lacking factor is 
he present in excess, and y = the yield when x = the amount of fertilizer 
added, then 
7 —y or log (A—y) = C—Kx. 

Applying this equation to the yields of total produce and grain in the 
above table, we get with values for A of 7,960 and 3,610 lb. per acre for 
total produce and grain respectively, a series of calculated yields corre- 
sponding to each amount of fertilizer (x) used in the experiment. 


Effect of Various Quantities of Sulphate of Ammonia on the Yield of 
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These calculated yields, together with the mean yields actually 
obtained from each quantity of fertilizer, are summarized in ‘Table 9. 


‘TABLE 9 
Observed and Calculated Yields of Barley (Total Produce and Grain) from 


increasing quantities of Nitrogenous Fertilizer 


Sulphate of Actual yields Calculated yields 


ammonia Total produce Grain Total produce Grain 


(/b. per acre) (lb. per acre) (lb. per acre) (lb. per acre) (lb. per acre) 


° 4,912 2,374 4,912 2,374 
14 5,258 2,495 5,209 2,498 
28 5,664 2,668 5,478 2,610 
56 5,935 2,778 5,939 2,800 

112 6,546 3,043 6,619 3,079 
224 122 3,351 75370 3,382 
300 7,579 3,495 7,622 3,482 
425 7,825 3,560 7,825 3,560 
600 7,801 3,530 7,923 3,597 


Note: The standard error of the experiment was for total produce 102 lb., and for 
grain 43 Ib. per acre. 


The calculated yields agree fairly closely with the yields as de- 
termined for quantities of sulphate of ammonia ranging from o Ib. to 
425 lb. per acre. The calculated yields fall within the limits of the 
observed values and their mean errors, except for the 28 Ib. dressing, the 
observed yield for which is slightly greater than that deduced from 
Mitscherlich’s equation and for the heaviest dressing (600 Ib. per acre), 
the yield of which is below that expected from theoretical considerations. 
It is probable, however, that with the heavy dressing, the available supply 
of soil water acted as a limiting factor to yield. 

Fig. 1 shows graphically the relationship between the yields of total 
produce and grain of barley, and the quantities of sulphate of ammonia 
applied to produce the yields. 

The circles represent ‘the actual mean yields of total produce and grain 
obtained from nine replicated and randomized plots receiving quantities 
of nitrogen ranging from o lb. to 600 Ib. per acre. ‘The curved lines show 
the theoretical yields for total produce and grain as determined from the 
equation. Broadly, the observed results show that when adequate 
amounts of soluble phosphate are available, nitrogen becomes a limiting 
factor, and the yield of barley, both for total produce and grain when 
fertilized with increasing amounts of sulphate of ammonia, follows the law 
of diminishing return. 

(b) Effect of sulphate of ammonia on tillering —During the growth of 
the barley crop, records were taken of the plant-population and produc- 
tion of tillers and ears on the plots receiving no nitrogen and a dressing 
of 2 cwt. of sulphate of ammonia per acre. With each treatment 126 
randomized samples of 1 ft. were taken. ‘The data from these census 
studies are summarized in Table tro. 
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TABLE 10 
Plant-establishment, Tillering, Earing of Barley with and without Sulphate 
of Ammonia 
Sulph. ammon, 
Census counts No nitrogen 2 cwt. per acre 
1. Seeding (25.7.30): 
Average number of seeds sown per foot . : 98 98 
2. Plant-establishment (24.8.30): 
Average number of plants per foot : : 8-9 8-7 
3. Tillering (29.9.30): 
Average number of tillers per foot. : ; 26°8 30°2 } 
4. Harvest (17.11.30): 
(a) No. of plants per foot . 7°8 
(b) No. of tillers per foot 41°4 
(c) No. of ears per foot 16°8 23°9 
(d) Percentage of tillers bearing ears : 2 C4. 58.. 
5. Yield of grain (bush. per acre) . 47°5 67:0 


The main feature of the census study was the contrast in the number 
of ear-bearing tillers at harvest. ‘There was an average of 16-8 ears per 
foot on the nine no-nitrogen controls, and 23-9 ears per foot on the plots 
treated with sulphate of ammonia. This is equivalent to an increase of 
42 per cent. over the unfertilized treatment. The actual quantities of | 
grain harvested per acre from the two treatments were as follows: 


No nitrogen . ; 47°5 bush. per acre 
Sulphate of ammonia, 2 cwt. ' 67-0 bush. per acre 


The increase in yield of grain of the sulphate of ammonia over the no- 
nitrogen control was 41 per cent. 

The increased yield of grain due to sulphate of ammonia was brought 
about solely by the increase in the number of ears. ‘This was due largely 
to increased tillering in the early stages of growth and partly to greater 
efficiency in forming ears. 

Soil type.—The soil (0-9 in.) on which these investigations were con- 
ducted is a brown loam, moderately high in silt and fine sand and con- 
taining a small amount of calcium carbonate. 

The immediate subsoil is light, red-brown, medium clay showing a 
sharp increase in clay-content to 47 per cent., again with only a trace of 
calcium carbonate. The clay increases with depth, giving a heavy clay 
texture, but at about 3 ft. there is a definite rise in calcium carbonate 
to about 4 per cent. 

The reaction is weakly acid at the surface (pH 5:9), becoming 
approximately neutral in the heavy clay horizon and rising to above pH 8 
in the horizon enriched with calcium carbonate. 


Summary 
When wheat was grown in rotation with (1) bare-fallow, (2) wheat, 
(3) barley, (4) oats, and (5) peas, without fertilizer or with 2 cwt. super- 
phosphate and 1 cwt. sulphate of ammonia per acre, the highest yields 
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were obtained after bare-fallow or after peas. Wheat after oats gave 
significantly higher returns than wheat after barley or wheat after wheat. 
Superphosphate gave its greatest effect with wheat after bare-fallow, the 
mean yield being increased by 195 bushels per acre for the three years. 


EFFECT OF INCREASINC QUANTITIES OF NITROCEN ON BARLEY 


LB PER ACRE LB PER ACRE 
9000 9000 
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SULPHATE OF AMMONIA ACRE 


Fic. 1. Effect of increasing quantities of nitrogen on yield of barley. 


After peas the response to superphosphate was significantly higher than 
after cereals, but less than after tae. 

A supplementary dressing of 1 cwt. of sulphate of ammonia per acre 
gave no significant increase with wheat after bare-fallow, but gave a sub- 
stantial response after wheat, barley or oats, ranging from 6-5 to 7-7 
bushels per acre. Wheat grown after peas still needed sulphate of 
ammonia, though the previous pea crop presumably added supplies of 
organic nitrogen to the soil, and a mean increase of 6-1 bushels per acre 
was obtained. 

2. Barley gave a marked response to sulphate of ammonia for all 
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dressings from 14 lb. to 425 lb. per acre. (a) A quantitative relation was 
observed to hold between the amount of fertilizer applied and the yield 
of barley. When adequate quantities of soluble phosphate are applied 
nitrogen becomes a limiting factor, and increments in yield of total 
produce and grain decrease with each successive moiety of sulphate of 
ammonia, in accordance with the law of diminishing returns. (6) The 
percentage of nitrogen in the grain was practically unaltered for dressings 
ranging from nil to 56 lb. sulphate of ammonia. Dressings of 1 cwt. per 
acre slightly increased the percentage of nitrogen, but with heavier 
dressings a material increase in nitrogen-content was observed, and the 
quality of the grain for malting purposes was reduced. (c) Census 
studies on barley showed that the mean effect of nitrogenous fertilizers 
on barley was to increase the number of ear-bearing tillers per plant. 
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SOIL SURVEYS IN AUSTRALIA 
J. A. PRESCOTT" 


(Waite Agricultural Research Institute, University of Adelaide, South Australia) 


PROBABLY the earliest advocate of systematic soil surveys in Australia 
was Guthrie [1], who as chemist to the Department of Agriculture of 
New South Wales was very conscious of the need of such systematic 
work as a basis for the general advisory work of the Department. As 
a preliminary step to this end, Jensen [2] examined the data available for 
New South Wales and was able to prepare a monograph on the subject 
which for many years was the only readily accessible record of soil con- 
ditions in any part of Australia. 

With the probable necessity of land settlement as a means of repatriat- 
ing the men returning from service in the European War of 1914-18, 
the matter received further attention, and a sub-committee of the Com- 
monwealth Advisory Council of Science and Industry was appointed 
under the chairmanship of Prof. R. D. Watt, and this committee met and 
reported during 1916 and 1917. A turther soil-survey committee of the 
Australian National Research Council was established in 1922 and car- 
ried on the original work under the same chairmanship. 

The absence of material progress was principally due to the impossi- 
bility of facing the expense of an elaborate organization such as that of 
the United States, and the committees realized that the most useful steps 
to be taken would be (a) to restrict the surveys to areas suitable for 
intensive exploitation, such as irrigation iain, and (b) to collect 
and correlate the information already available in the State departments 
of agriculture, lands, forestry, and geology. 

The attitude of these committees has been well justified, and it is pre- 
cisely on the lines recommended that subsequent work has progressed in 
Australia. 

It is, however, only since 1927 that soil surveys have been developed 
sy stematically i in order to meet the requirements af the irrigation areas of 
the Murray and its tributaries and of the wheat-belt of Western Australia. 
Prior to the organization of a Division of Soils of the Council for 
Scientific and Industrial Research it had already become evident that 
some of the problems facing the soldier settlements along the River 
Murray could only be defined by means of soil-survey technique. In 
most cases the examination of soil samples from unsatisfactory areas had 
led to indefinite explanations as to the causes of the troubles, but public 
opinion regarding these recent problems was much too strong to permit 
of abandonment of settlement, as had happened in some of the earlier 
cases, as at ‘T'resco and Cohuna in Victoria. Apart from the official 
backing of the Irrigation Commissions in the several States, it is from 
the Returned Soldiers’ organizations that the strongest support and most 
insistent demand for soil surveys and correlated investigations have been 
received. 


' Chief, Division of Soils, Council for Scientific and Industrial Meeeaech, Australia. 
3988.4 Z 
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The impression that the modern technique of soil survey was the 
only satisfactory approach to these problems of settlement has been 
abundantly confirmed during subsequent experience. ‘The insistence of 
soil-type definition on a profile basis fitted admirably into the require- 
ments for irrigated soils where conditions in the deeper soil horizons may 
be far more important than at the surface. 

It is significant that soil maps, prepared long before possible publica- 
tion and equally long before the completion of the associated laboratory 
work, have been of great value to the irrigation and land authorities in the 
determination of policy and have consequently been in considerable 
demand. 

The classification of land from the point of view of settlement has 
become in Australia one of the principal functions of the survey staff of 
the Lands Departments of the several states. The basis of classification 
in almost every case has been ecological and was the inevitable result of 
the urge for agricultural settlement into areas of Crown land in regions 
of reasonable rainfall. The development of the mallee areas of South 
Australia and Victoria and of the salmon gum country of Western 
Australia during the present century have probably been principally 
responsible for the training and outlook in classification at present 
possessed by staff surveyors in Australia. 

In Western Australia, where through unique physiographic circum- 
stances there are marked differences in the natural fertility and probable 
yield-capacities of various types of country, such classification has been 
carried out since about 1910, some of the surveyors having probably 
received earlier training and experience in the mallee areas of the eastern 
states. Generally speaking, in Western Australia it has proved possible to 
a4 define very clearly three types of country: first class, or ‘forest’, country 

: carrying a sclerophyll woodland with salmon gum and eucalypts of 
similar habit as the characteristic timber; second class, or ‘mallee’, 
country carrying dwarf eucalypts and other scrubby genera; and third 
class country, or ‘sand plain’, carrying heath associations. It was on this 
basis that nearly 10 million acres were surveyed prior to 1930 in order to 
find suitable land for an ambitious 3,500-farms plan which was to be 
' financed under the migration agreement with Great Britain and the 
7 Commonwealth Government. 
se ‘Two factors have been responsible for checking further development 
in Western Australia: one, the present economic crisis, and the second, 
a demand by the ‘Trustees of the State Agricultural Bank and by the 
Commonwealth Development Department for more information than was 
available in the maps of the Lands Department, admirable as these were. 

The experience of the Agricultural Bank as mortgagees of much of 
the newly settled land had been very disappointing, notably in the 
Salmon Gums area some 70 miles north of Esperance. As in the irriga- 
tion settlements, relative inexperience of the settlers was frequently held 
responsible, but the trouble was eventually diagnosed by ‘Teakle [3] as 
being due to soil salinity, some 50 per cent. of the so-called first-class 
country probably being affected in the new areas then under consi- 
deration. The relationship between native vegetation, type and salinity 


of 
aga 
me 
Ba 
lati 
Au 
the 
rel 
Di 
So 
wh 
to 
nic 
pa 
an 
sh 
da 
“cc 
an 
wl 
tic 
ste 
th 
| 
CO 
G 
fo 
m 
di 
h: 
| 
S 
| 


the 
een 
e of 
ire- 
nay 


ica- 
ory 
the 


ble 


has 
F of 
ion 
ons 
ith 
lly 


ent 


m- 
ble 
en 
rly 
m 
to 
ry 
of 
rd 
lis 
to 
be 
he 


nt 


SOIL SURVEYS IN AUSTRALIA 335 


of soil was obscure, except possibly in certain extreme cases, and it was 
again found that the modern technique of soil survey was the only 
method capable of reaching a solution acceptable to the Agricultural 
Bank. Whilst the maps prepared primarily relate to salinity, data re- 
lating to types of soil are being collected simultaneously. ‘The Western 
Australian organization is under the direction of Dr. L. J. H. ‘Teakle, of 
the State Department of Agriculture, and the work has still to be cor- 
related with that being carried out in the eastern areas of Australia by the 
Division of Soils. In a somewhat similar way, the Lands Department of 
South Australia has appealed to the Soils Division for surveys of areas 
where it was felt that the technique of their staff surveyors was inadequate 
to deal with the problems involved. 

A third type of problem which is likely to yield to soil-survey tech- 
nique is associated with a group of endemic diseases of stock in various 
parts of Australia which have frequently been associated by stockmen 
and veterinarians with specific types of country. Of these, an ataxia of 
sheep in the Gingin district of Western Australia, a wasting disease of 
dairy cattle in the Denmark group settlements of the same State, the 
‘coast’ disease of sheep in Kangaroo Island and of cattle in King Island, 
and ‘peg-leg’ disease of cattle in North Queensland are typical cases in 
which the veterinarian feels that the soil worker may have some contribu- 
tion to make to the problem. In many such cases the removal of the 
stock to adjacent country of a different character is sufficient to restore 
them to health, and accounts in a large measure for the presumption of 
an association between soil formations and the endemic disease under 
consideration. 

Soil surveys to this end have been carried out on King Island and at 
Gingin, whilst the Soils Division has also made surveys of field stations 
for the Division of Animal Nutrition. In these surveys no attempt is 
made to solve the stock problem, the principal object being to define 
more accurately the nature of the soil formations associated with the 
disease, and to establish once and for all a body of data on which the 
veterinary or nutritional worker may draw from time to time. In the ex- 
ample of King Island, the vague coastal area associated with the disease 
has been replaced by the much more clearly defined Currie calcareous 
sand, a soil type of very characteristic properties. 


TABLE 1—Showing areas systematically surveyed since 1927 


Square 
miles Reference 
South Australia. Non-irrigated areas. “57 [4] 
Bed of Lake Albert. 54 [5] 
Tasmania. King Island (Reconnaissance) . {6} 
Other areas : : 40 
New South Wales. Murrumbidgee irrigation areas. Heavy soils 


River Murray settlements. . 87 [7] 
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In the eastern states, after an area has been selected for survey, 
a working unit is made up which includes one or more soil surveyors, 
possibly an officer from the State Department of Lands or of Agriculture, 
with one or more chemists to afford a liaison between the laboratory and 
the field party. ‘The chemist usually spends two or three, weeks in the 
field with the surveyors and always assists in the sampling of the type- 
profiles. 

Working agreements with the director of the State Chemical Labora- 
tory in Victoria and with the chief chemist of the Department of Agri- 
culture in New South Wales have secured the co-operation of these 
laboratories, and it is usual for them to nominate one of their chemists to 
act as a member of the unit when working in either of these two States. 

In ‘Tasmania the Division of Soils maintains an officer at the Univer- 
sity in Hobart, and both soil surveys and laboratory work are carried out 
usually in order to assist in the definition of some problem raised by the 
local forestry or agricultural department. 

So far it has not proved possible to organize systematic soil surveys in 
Queensland or in the tropical north, although the opportunities for 
fundamental work in soil genetics are very attractive. Without additional 
staff, however, and until the more urgent demands of the irrigation areas 
are disposed of, it will be quite impossible for the work to be extended in 
this direction for some time apart from work of a very general character. 


Soil-Survey Methods 

In practically all the surveys conducted so far, extensive foot-traverses 
have been the rule, motor-cars being used to convey the field party to the 
most accessible point on the track or road. The necessity for foot-work 
is imposed either by the detail required in an irrigation settlement where 
each block of 20 acres is examined separately by means of seven to ten 
borings, or by the absence of tracks suitable for any but very broad 
reconnaissance work. Generally speaking, compass-traverses are made 
on foot at intervals varying from 15 to 60 or 80 chains, with an examina- 
tion of the soil by borings at intervals varying from 10 to not more than 
40 chains where the country is of a uniform character. The most con- 
venient boring tool has been found to be a 3 or 4 in. post-hole auger with 
suitable extensions enabling a depth of up to 7 ft. to be obtained. The 
life of each auger-head is from 500 to 1,000 holes. While one surveyor 
keeps track of the distances, direction, and character of the vegetation, 
the other surveyor bores the holes and records the character-of the pro- 
file. In the Western Australian work, samples from each hole are 
retained for determinations of chloride and conductivity; in the irriga- 
tion areas detailed salinity surveys are also very frequently required. 
The details are worked into maps on the scale of 10 eins to the inch 
for the irrigation settlements and on a scale of 20 chains in the salinity 
work of Western Australia. The work on King Island, being largely of 
a reconnaissance character, was plotted on the mile-to-the-inch map. 
In all cases the published soil maps are reduced suitably from the working 
plans, a convenient scale of 20 chains to the inch being found most 
suitable for the irrigation settlements. Although no standard maps of 
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larger areas have been published, it is probable that the detail so far 
obtained will justify publication on a scale of one mile to the inch. 

The problem of maps presenting basal information of a useful 
character may be of considerable importance. In the case of many of the 
irrigation areas the detail available on the existing maps is considerable, 
including contours at one-foot intervals. Where contours are absent 
from wr maps, spot-levels are frequently available, enabling such 
contours to be constructed. In the older irrigation settlements, as at 
Renmark and Mildura, only the original subdivisional plans are avail- 
able and no officially revised maps have been constructed. ‘The most 
extreme case experienced has been a complete hundred of South 
Australia, 150 square miles in extent, where only three of the four 
boundaries had been surveyed and where no official information existed 
except the general direction of certain fence-lines and tracks. 

Geological maps with sufficient detail are similarly unavailable, 
except possibly in some of the mineral fields and in the official geological 
surveys of Victoria. The recent geological map of Australia by Edge- 
worth David will, however, be of considerable service in the study of the 
major soil zones, for certain groups of soil types are limited to geological 
formations within any given climatic zone, as in the case of the basaltic 
red loams within the podsolic zone. 

Of far greater value have proved aerial photographic surveys, which 
have been carried out for the Soils Division by the Royal Australian 
Air Force. These are particularly valuable in irrigation areas, where 
a complete record from 6,000 ft. is obtained of the horticultural crops 
and of their condition. In cases of virgin country where the native 
vegetation is relatively untouched, the value of aerial survey depends on 
flying height and on the absence of recent fires. It is probably only in 
small areas intended for closer settlement and justifying low flying at 
about 4,000 ft. that sufficient detail for ecological correlations with 
detailed soil surveys can be obtained. At greater heights in virgin coun- 
try only major ecological units and general topographic features can be 
determined. 

Sufficient experience is now available to indicate when and where the 
expense of an aerial survey is justifiable. 

When the extent and general character of the soil types in a given area 
have been clearly defined from the field work, typical sites are selected 
for more detailed examination of the profile by means of pits and for 
careful sampling for record purposes. 

Sampling is done by cutting from a face wherever possible, the post- 
hole auger being also used where convenient. No attempts have been 
made to secure monoliths of the types, but they are reproduced on a 
quarter scale by gluing the soil from each horizon to strips of three-ply 
wood [8]. Frequently, special samples at small depth-intervals are taken 
for this purpose. These quarter-scale reproductions have proved to be 
very convenient for storage in a suitable cabinet and will acquire greater 
importance later for correlation and exchange. Duplicates are readily 
reproducible and large numbers can be kept for reference in a very small 
space. 
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The reduction of the number of samples for examination in the 
laboratory is the joint responsibility of the chemist and the soil surveyor, 
and is made in the field by careful selection of the sites, four to five pro- 
files usually being obtained for each soil type. A survey unit will fre- 
quently be represented by some forty or fifty profiles with anything up 
to 200 samples for laboratory examination. ‘The routine laboratory 
examination includes mechanical analysis, determinations of chloride, 
total salts (by conductivity) and pH values. Certain profiles are then 
selected for more complete examination, including acid-soluble plant- 
nutrients, nitrogen, carbon, and exchangeable bases. The laboratory of 
the Waite Institute has organized certain of these determinations, such 
as total phosphate, potash, nitrogen, together with mechanical analysis, 
on a routine basis in the hands of laboratory assistants working under 
supervision. The other determinations are carried out personally by the 
chemist associated with the unit. 

In Western Australia, the type samples are being stored for future 
examination, as it is hoped that the staff of the Government Mineralogist 
and Analyst will be able to co-operate in this work. 


Soil Classification and Correlation 


The two most difficult problems in beginning work of this character in 
Australia have been, first, to secure correlation with that going on in 
other countries, or being carried out by independent workers at a distance 
in the same country, and secondly, to secure a satisfactory interpretation 
on modern lines of the records already available in the Lands Depart- 
ments of the several States. The latter would hardly prove suitable for 
modern detailed mapping, but from the broader point of view they would 
afford most valuable information regarding the geographical distribution 
of such major soil zones as might be subsequently recognized. ‘This has 
in practice actually proved to be the case. With regard to correlation 
with work elsewhere, one of our surveyors had had experience with field 
parties of the United States soil surveys in California, and this was our 
principal contact with the standards of other workers. ‘The importance 
of soil profile as a basis for soil description, type-definition, and nomen- 
clature was recognized from the outset, and pending the accumulation of 
experience over larger areas the types were given numbers and were 
grouped or subdivided to indicate mutual relationships. Meantime, the 
soil maps of the Russian workers and of the International Society of 
Soil Science, together with such published descriptions of soil types as 
those of Glinka and Vilensky, enabled some further correlations to be 
attempted. Miniature reproductions of typical profiles were also sent to 
Dr. C. F. Marbut, of the United States Soil Survey, and it was found 
that the types already recognized conformed in a general way to the 
requirements of the United States system. ‘The binary system of nomen- 
clature was thereupon adopted [9] and all important soil types have been 
subsequently named. 

A further difficulty to be overcome has been the textural classification 
of the soils; it was obviously desirable that some correlation should be 
established between the mechanical analyses expressed in international 
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units and the field estimates of the soil-texture. It was further desirable 
that the Australian estimates of texture should agree with those of other 
countries, and to this end systematic investigations have been carried out 
to secure a reasonable measure of identity between our textural classes 
and those of the United States, and a satisfactory correlation between 
these classes and the international units of mechanical analysis. 

In addition to the detailed soil surveys, an attempt has been made to 
interpret the existing records of vegetation and land classification in the 
light of modern systems of soil classification, and principal boundaries of 
the major soil zones have thus been mapped on a Continental basis with 
some degree of accuracy [10]. 

Although a considerable amount of work remains to be done in this 
direction, notably in tropical Australia and in the black-soil regions of 
New South Wales and Queensland, the principal boundaries have in 
many cases been checked by motor-car traverses. ‘The more doubtful 
areas could probably best be covered by detailed surveys of typical 
areas, coupled with a more general reconnaissance of the major soil zone. 
Such a method has proved particularly useful in assessing the value of 
parts of the ‘ninety-mile desert’ of South Australia and the associated 
districts of Victoria, and is the most likely way of meeting the demand for 
surveys in scattered regions of Australia with a limited staff. 

The unit of classification has been recognized as the soil type with 
possible varieties of a type described as phases. ‘The types naturally 
group themselves into families or suites rather than into series in its 
present accepted sense. The families then form part of the larger zonal 
groups akin to the great international soil groups developed from the 
Russian system. It has been found that to be of any practical service 
each soil type or phase of a soil type must possess invariable attributes 
so far as ecological, agricultural, silvicultural, or horticultural relation- 
ships are concerned. ‘Thus from the soil maps of the irrigation settle- 
ments, the irrigation engineer should be able to work out a suitable 
irrigation or drainage régime on the basis of slope and of soil type. 
Similarly in afforestation, a given soil type or phase of the type must 
possess a recognized value as a forest site. Where the phase acquires 
special importance in this connexion, it is safer to give it a distinctive 
name and thus create a new type. 

The nature of the phases recognized have included shallow, denuded 
and saline varieties of a recognized type. ‘The system of nomenclature is 
the binary system of the United States soil surveys. It is not usually 
recognized how closely this system is descended from the Linnaean 
tradition, and how the transfer of emphasis from the ‘class’ name to the 
‘series’ name, as a result of modern developments in soil work, has con- 
fused new-comers to the subject. Linnaeus' and his contemporaries 
classified soils as part of the mineral kingdom and under Terrae included 
the five genera: Ochra, Arena, Argilla, Calx, and Humus. ‘Thus within 
the genus Argilla were included A. porcellana, A. communis, A. sterilis, 
A. milotica, &c. A simple latinization of the name of one of our Austra- 

lian types, Arena Murrayana, at once reveals how far the modern 
' See, for example, Systema Naturae, 1770 edition. 
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conception of the soil profile has taken us from the Linnaean system, 
and why class and series names have lost their relative degrees of impor- 
tance. 

So far 51 soil types have been named and a number of other types 
recognized and described, apart from the Western-Australian types 
which probably exceed 100 in number. 

‘The activities at the Waite Institute, moreover, have been reflected in 
work by other bodies, notably in the University of Queensland [11] 
and the University of Melbourne. Many staff surveyors are also 
modifying their technique and are replacing the older classification 
wherever possible by formal descriptions of types of soil and vegetation. 

It is difficult to predict the future organization of soil surveys in 
Australia; much will probably depend on the political readjustments 
between Federal and State activities that are bound to arise from the 
present economic situation. ‘The outer States, such as Queensland and 
Western Australia, would possibly prefer to develop their own organiza- 
tions. Probably the most satisfactory permanent organization will be 
a soil-survey service under the auspices of the Council for Scientific and 
Industrial Research with self-contained units working in each natural 
region of Australia and in co-operation with existing State services. In 
the meanwhile, the projects immediately in sight, including the Mildura 
and the Murrumbidgee irrigation areas, are likely to keep the Soils 
Division fully occupied for two or three years to come. 
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AGRICULTURAL POSSIBILITIES OF SOME OF ‘THE 
AFRICAN GRASSES 
I. B. POLE EVANS 


(Chief of the Division of Plant Industry, Department of Agriculture, and Director of the 
Botanical Survey, Union of South Africa) 


WITH PLaTEs 27-29 


Ar the Pan-African Agricultural and Veterinary Conference held in 
Pretoria in August 1929 a botanical survey of Africa was advocated. It 
was pointed out that about 80 per cent. of the country could be regarded 
as potential grazing country and that as much of this was as yet botani- 
cally unexplored, a survey would undoubtedly reveal a grass flora more 
rich and varied than that in any other part of the world. It was also 
suggested that agriculture in general would look to Africa in the future 
for better pasture plants, and that the world’s meat supply would in time 
to come most probably be largely drawn therefrom. 

Africa has already given to agriculture, both in the old world and 
the new, several important grasses of which the better known are the 
Sorghums, Guinea grass, Rhodes grass, Natal grass, ‘Teff, Napier or 
Elephant grass, and Kikuyu grass. "The Sorghums form a good example 
of a group of grasses, definitely African in origin, which have been 
extensively developed and are now of inestimable value to agriculture 
in tropical and subtropical regions all over the world, and we have every 
reason to expect that out of the rich grass flora of Africa, which has 
supported millions of head of game for countless years, will emerge 
also the rich pasture grasses which are so urgently needed at the present 
time, especially in southern Africa. ‘This offers an enormous field for 
work, and up to the present very little has been done. 

This paper will be confined to a brief account of what we know of the 
possibilities of some of the African grasses as the result of work carried 
out by the Division of Plant Industry under the control of the author, 
under the Department of Agriculture of the Union of South Africa. 
We are only at the beginning of pasture research in South Africa: a lot 
of preliminary work has been done, chiefly on analyses, but the field 
before us is enormous. 

As a result of changing economic conditions coupled with bad 
management, the natural pasturage of South Africa, which up to the 
present has been the sole support of stock, has become impoverished to 
such an extent that the question of improvement or replacement in 
some manner or other has become a matter of great urgency. Attempts 
to establish exotic grasses and other fodder plants in the semi-arid parts 
of South Africa have not met with much success, and it is in relation to 
local needs that our own grasses are now being explored. 

In the grasslands of the country two grasses form the basis of the 
natural food of stock, viz. Themeda triandra (rooigras) and Cynodon 
(kweekgras), these being of value mainly by virtue of their abundance 
and widespread occurrence. Something more valuable than these, 
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however, is necessary, and attention is now being concentrated on finding 
amongst the natural grasses of the country some which will be suitable 
for pasture in our various climatic areas and on our notoriously poor 
soils. ‘This work was begun in 1913 when the writer was put in charge 
of botanical work for the Union of South Africa. 

Up to twenty years ago little was known or published about the 
agricultural possibilities of the pasture grasses of southern Africa. 
Bews, in 1918, was the first to draw attention to their economic impor- 
tance, but he had no opportunities for carrying out experimental work 
thereon. Prior to 1913 the writer had been much impressed with the 
fat and sleek condition of cattle grazing in the Transvaal bushveld in 
winter compared with the very poor condition of those grazing on the 
highveld. In those days the great desideratum of the highveld stock- 
farmer was, just as it is now, to secure a grass for his stock which would 
remain green and palatable through the dry cold winter months, and 
the writer felt convinced that special attention to the natural grazing 
lands of the country would bring to light some very useful grasses. Up 
to that time no attention had been paid to the relation between the 
various grasses and the grazing ea and it was not till 1913 that the 
writer was afforded the opportunity of setting on foot an investigation 
of the local indigenous grasses. 

Steps were taken to collect first of all those grasses which were com- 
monly grazed by stock. ‘These were established in acre plots at Pretoria, 
and the length of time that each grass, without irrigation or manuring, 
could sustain a beast in good condition was noted. Amongst all the 
grasses tested in this manner one stood out pre-eminently as far as 
carrying capacity and general suitability for pasture were concerned. 
This was a grass which occurred commonly in the Western ‘Transvaal 
and Bechuanaland along the edge of the Kalahari Desert, where che 
average rainfall varies from 15 to 20 inches. The grass was determined 
at the time as Digitaria eriantha var. stolonifera (Stapf). For a number of 
years in succession this grass supported a beast and kept it in good 
condition year in and year out by continuous grazing under dry-land 
conditions and without fertilizer. No other grass in these preliminary 
trials approached this one so far as carrying capacity was concerned. 
Subsequent chemical analyses of the grasses on these grass plots revealed 
the fact that this eastern Kalahari grass (Digitaria) was not only richer 
in minerals, protein, and carbohydrate than the others, but that it 
possessed the remarkable property of retaining much of its food value 
even when dry and withered. ‘The reason why an acre of this grass 
could carry a beast longer than any of the others thus became apparent. 

In this way these preliminary trials were the means of directing par- 
ticular attention to the genus Digitaria, which up till then had not been 
regarded as of any particular agricultural or pastoral importance. 

Fortunately at this time (1918) the Government of the Union of 
South Africa established a Botanical Survey of the Union, one of the 
main objects of which was to investigate the pastoral possibilities of the 
country, and the Director of the Survey took alien note of grasses 
grazed by game or stock, living material of which was collected by him 


fror 
tria 

witl 

of 

i obs 
mel 
I 
are 

yer 

of d 

stol 

hoy 

15¢ 
am 

a Th 
ma 
chi 

fro 

sul 
Di 

Ce 
be 

of 

ta 

st 

va 

tie 
ge 
sh 

a 

ol 
Ww 

m 
af 
in 
ir 
tl 
it 
li 

| 
id 


AGRICULTURAL POSSIBILITIES OF SOME AFRICAN GRASSES 343 


from all over the Union, brought back to Pretoria, and planted out for 
trial and investigation. Special attention was paid to the genus Digitaria, 
with the result that a number of new species and a still greater number 
of varieties or strains have been discovered. These are now under 
observation and trial at the two pasture-research stations of the Depart- 
ment of Agriculture in Pretoria. 

In the Flora Capensis (published 1g00) thirteen species of Digitaria 
are recorded from South Africa. Of these seven are described as 
perennials and six as annuals. The only definitely stoloniferous member 
is described as a variety of Digitaria eriantha Steud., viz. D. eriantha var. 
stolonifera (Stapf). New stoloniferous species, varieties, and strains have, 
however, now been found throughout the country and at present over 
150 distinct stoloniferous strains of various species are under investiga- 
tion in Pretoria. ‘These strains show very pronounced characters and 
amongst them almost everything may be found in the way of variability. 
The importance of collecting all possible strains cannot be over-esti- 
mated, as it is only thus that we shall be able to select strains with 
characters necessary for our different conditions of climate and soil, and 
from amongst them we hope in the course of time to secure material 
suitable for permanent pastures all over the Union. By concentrating on 
Digitarias at present we do not mean to imply that these are our best 
grasses, but at the moment they are the most promising we know. 
Continued investigation of our flora will conceivably reveal something 
better, and on these lines of work we see the salvation and improvement 
of our grasslands. 

In addition to Digitaria, members of the genera Dactyloctenium, 
Chloris, Cynodon, Rhynchelytrum, Panicum, Urochloa, Echinochloa, Se- 
taria, Brachiaria, and Pennisetum have also been established at the grass 
stations and are under similar observation. All these genera show great 
variation in vegetative characters and are considered to offer possibili- 
ties of great usefulness. 

The work being carried out includes analyses, yield, palatability tests, 
general pasture properties, and so on. The following piece of work 
showed very strikingly the variation amongst some of the strains under 
a particular set of conditions: Thirty strains of Digitaria were planted 
out as six-inch slips, five per row, on virgin soil of very poor quality, 
which subsequently received no fertilizer, and were left to ordinary 
weather conditions. The growth in length, as total length of shoot, was 
measured after four months and the total area covered was measured 
after sixteen months. In the table on page 344 the best eighteen strains 
in each case are given. The soil was of a poor sandy nature, deficient 
in phosphate. The rainfall for the four months was between 11 and 
12 inches and for the sixteen months about 24 inches, being mostly in 
the form of storms. Amongst those mentioned it will be noted that 
in the first list of eighteen strains only two do not reappear in the second 
list. 

All the 150 odd strains of Digitaria show very definite characters. 
Some of these form a dense turf and are eminently suited for grazing ; 
others form a leafy sward suitable for mowing; others stand being 
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Eighteen strains of Digitaria showing Eighteen strains of Digitaria showing 
greatest total length after 4 months. greatest total area after 16 months. 
Rainfall 11-12 in, Rainfall about 24 in. 

ft. sq. ft. 
1 Digitaria from Pongola River . - 3,928 | Digitaria from Pongola River . | 2,086 

2 diversinervis from Um- diversinervis from Um- 
3 swazilandensis . ‘ 600 N’Hamba : 828 
4 decumbens 594 Theron’s Finger grass 704 
5 N’Hamba : 546 Makarikari strain . 6o1 
6 Makarikari strain 506 seriata. Kuruman . 573 
7 Theron’s Finger grass 410 decumbens 499 
8 me Vukwe camp strain . , 383 Ne Pentzii var.minor. P.P.Rust 458 
9 seriata. Kuruman . 349 Vukwe camp strain . 455 
10 Malmaniesoog strain 206 swazilandensis J 450 
II Pentzii var. minor. P.P.Rust 204 Inkruip strain 433 
12 Pretoria small strain . 198 Koster strain . 327 
13 Koster strain. 158 Malmaniesoog strain 277 
14 Inkruip strain . 151. Molopo strain (3 plants) . 255 
15 Malmaniesoog strain. 141 valida var. glauca 249 
16 valida var. glauca (Steyn’s) 133 Malmaniesoog strain 235 
17 ian 120 Pretoria strain. Irene. . 233 
18 Port Elizabeth . 103 v2 ‘ 218 


covered by blown sand and are valuable for the prevention of erosion; 

others are good drought-resisters; some stand trampling well; some seed 

well, others very poorly, and so on. The Digitarias are palatable to stock 

and have good feeding value, and from amongst the various strains we 

are confident that we can provide, either singly, mixed, or combined 

with some other fodder crop, pastures suited to our various areas. 
‘The most promising of the Digitaria strains are the following: 


1. Woolly Finger grass. g. Makarikari Finger grass. 

2. Kuruman Finger grass. 10. Vukwe River Finger grass. 
3. Port Elizabeth Finger grass. 11. Pitsani Finger grass. 

4. Inkruip or Kalahari Finger grass. 12. Muden Finger grass. 

5. Swaziland Finger grass. 13. Koster Finger grass. 

6. Low Veld Finger grass. 14. Messina Finger grass. 

7. Pangola River Finger grass. 15. Slurry Finger grass. 

8. Natal Coast Finger grass. 16. Molopo River Finger grass. 


17. P.P. Rust Finger grass. 

Several of these strains have been sent for trial to different parts of 
the United States, to Australia, to East Africa and ‘Tanganyika, Morocco, 
India, and other parts of the world, and encouraging reports have been 
received regarding them. 

The other genera mentioned as being under observation at Pretoria 
are also promising, but so far they have not received the same attention 
as the Digitaria strains. A species of Urochloa—U. pullulans—collected 
in Bechuanaland by the writer and analysed showed a phosphorus- 
content as high as that found in any European pasture. 

Panicum meyerianum collected in the Bechuanaland Protectorate on 
the same occasion also showed every possibility of being an excellent 
feeding grass. Analysis of these grasses showed the following: 


Grass Ash P.O, CaO Protein 


Urochloa pullulans 20°32 1°280 1°290 14°79 
Panicum meyerianum 15°50 0°900 0°630 10°71 


AG 
T 
its V 
Digi 
Beck 
reno 
stitu 
Q 
Afri 


abys 
Uni 
und 
Afri 
opp 
can 
Ech 
hay 
eras 
viel 
bat! 
the 
hay 
wh 
] 
30- 
suc 
clo 
are 
wil 
pas 
of 
of 
on 
the 
Ea 
im 
bu 
yi 
in 
pu 
an 
all th 
# lig 
th 


AGRICULTURAL POSSIBILITIES OF SOME AFRICAN GRASSES 345 


The fact that U. pullulans is both broad-leaved and succulent adds to 
its value, and an investigation of this genus on the lines followed for 
Digitaria would undoubtedly be profitable. In the eastern portion of the 
Bechuanaland Protectorate, where excellent natural pastures producing 
renowned prime stock are found, it is significant that the chief con- 
stituents thereof belong to the genera Digitaria, Urochloa, and Panicum. 

Quite recently an accidental introduction from the highlands of East 
Africa (7,000 feet) has brought to light a Digitaria, a strain of D. 
abyssinica, which shows enormous possibilities for certain parts of the 
Union. Further strains of this species and of Kikuyu grass would 
undoubtedly repay investigation. As yet nothing has been done in South 
Africa on hybridizing these different strains, and here a vast field of 
opportunity awaits the plant-breeder. 

In addition to affording good grazing, experience has shown that hay 
can be cut from the following African grasses: Chloris, Urochloa, 
Echinochloa, Panicum, and several of the Digitarias, and in addition to 
hay, good ensilage has also been made from Elephant grass, Umfufu 
grass, and Limpopo grass. Other grasses are useful for planting with a 
view to preventing erosion, e.g. many of the Finger grasses, Warm- 
baths grass, and Panicum repens. Much has been published regarding 
the value of the African grasses mentioned at the beginning of this 
paper, viz. Guinea grass, Rhodes grass, &c., for pasture, ensilage, or 
hay, as the case may be. Of these, Kikuyu is undoubtedly the one 
which will repay further search, following the same lines as for Digitaria. 

In this country Kikuyu has proved most useful in areas with a 
30-inch rainfall and over: it forms a dense turf, produces a luscious 
succulent growth of high feeding value, acts well as a nurse-crop for 
clovers, and under irrigation both in the summer and winter rainfall 
areas makes exceptionally fine pastures when combined with English 
wild white clover. As illustrating the possibilities of this grass for 
pasture purposes, Fisher and ‘Taylor have shown that in the midlands 
of Natal with an average rainfall of 30-40 inches, by adopting a system 
of intensive pasture management, it is possible to secure yields of over 
one thousand gallons of milk per acre from this pasturage. 

At present only one strain of Kikuyu grass has been introduced into 
the Union. Whether still more valuable strains of this grass occur in 
East Africa, and what their possibilities are, would be well worth 
investigation. 

Another grass, namely, Elephant grass, belonging to the same genus 
but possessing a very different habit of growth, and which is capable of 
yielding a high tonnage as green food or ensilage, would also well repay 
investigation from the point of view of strains. This grass, Pennisetum 
purpureum Schum, is very widely distributed throughout tropical Africa 
and occurs in a variety of habitats. It is only reasonable to suppose 
that a great variety of strains of this grass will in course of time come to 
light. At present two strains have been introduced into the Union: 
these differ considerably in yield and adaptability to different climatic 
areas. 

The few grasses we have found and tried from outside the Union are 
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so full of promise that we feel quite justified in hoping great things when 
a more intensive search has been made. 

As very little work has been done on the African grasses, and pasture 
work has only just begun, very little can be said with authority, but the 
little we do know justifies us in stating that they have an enormous 
potential value. A survey of the African grasses will certainly open up 
a mine of wealth, and once we have the strains, subsequent work on 
selection and breeding, palatability, feeding value, suitability to climate 
and soil, response to fertilizers and irrigation and to general good 
management, will reduce many of our problems in this country to 
vanishing point, and no doubt, as in the case of the long-exploited 
African grasses before-mentioned, the world in general will benefit 
as well. 

(Received August 24, 1933) 
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Digitaria strain isolations at Rietondale Pasture Research Station, Pretoria 


Digitaria from Pongola River in Zululand. One of these plants, from a six-inch slip, 
covered an area of 592 sq. ft. in 16 months on poor sandy soil. Rietondale 
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Digitaria decumbens Stent (Lowveld Finger grass) isolation. A valuable hay and pasture 
grass for subtropical areas. — Prinshof Pasture Research Station, Pretoria 


Pasture of Digitaria decumbens Stent (Lowveld Finger grass) on Westfalia Estate, 
Northern Transvaal. A valuable hay and pasture grass 
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Digitaria Pentzii Stent (Woolly Finger grass) isolation.— Prinshof 


‘Two strains of Pennisetum purpurem Schum (Elephant grass) a valuable fodder plant 
from Rhodesia. This grass is widely distributed in Tropical Africa, and a study of the 
various strains would undoubtedly repay investigation 
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THE PALATABILITY OF THE SELF-ESTABLISHING 
SPECIES CONTRIBUTING TO DIFFERENT ‘TYPES OF 
GRASSLAND 

E. J. MILTON 
(Welsh Plant Breeding Station, Aberystwyth) 


RECENT research work on grassland problems has furnished a consider- 
able amount of information on grassland management, and has increased 
our knowledge of the behaviour of the individual grass and clover species 
which contribute to the several types of grassland. Exact information 
regarding that large population of all grasslands—the miscellaneous 
herbs—is, however, mainly based on methods of elimination; an examina- 
tion of the literature with the object of ascertaining whether the grazing 
animal utilizes these miscellaneous herbs has in the majority of cases 
revealed only vague generalizations. However, Cockayne [1] in New 
Zealand has dealt with the question in great detail, and Cory [2] in 
America has done similar walk, whilst Fagan and Watkins [3] in Wales 
have furnished information regarding the chemical properties of these 
species. ‘The importance of the miscellaneous-herb population as affect- 
ing the capacity of pastures for carrying and fattening stock has been 
fully realized and has been discussed by Long [4], Schneider-Kleeberg 
[5], and Sheehy [6], among others. 

The present work is an endeavour to supply as exact information as 
possible on the relative palatability of these miscellaneous herbs, and of 
the grasses and clovers with which they are associated in grasslands. 

Methods in the field—Vhe data were collected in 1931 and 1932 over 
a period of a complete year. ‘The method consisted in examining a field 
when stock were grazing, and noting down the species contributing to 
the herbage in an appreciable amount. ‘Ten marks were allotted to the 
most productive species in this list, and the other species received marks 
in proportion. ‘This system was then used for recording the relative 
amount eaten of each species, the hardest grazed species being given 
ten marks. ‘The miscellaneous herbs were treated in this way as one 
group, and the grasses and clovers as another group. Further, the 
productivity and the amount eaten of these two groups were marked 
on the basis of ten marks to the highest. ‘The class of stock, the type of 
pasture, and the degree of grazing were noted, and finally the most 
important characteristics revealed by the examination were recorded. 

Classes of land examined.—Three classes of land came under 
examination: 

1. Lowland grassland, including temporary and permanent swards. 

2. Corn-stubble grazings, including seeded and unseeded stubbles. 

3. Open-hill grazings. 

One hundred and fourteen examinations were made in all; fifty-eight 
in the first class, thirty in the second, and twenty-six in the third class. 

Method of presenting the data.—As space does not permit of the 
particulars for each field being presented separately, a method of grouping 
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has been used, and the results are arranged in tabular form. The marks 
for the amount present of each species have been totalled for all the fields 
in a class, and these totals then placed relative to the highest at roo. 
This indicates the relative abundance of the species in the fields. The 
marks for the relative amount eaten of such species have been totalled 
for the fields of a class; these totals have been divided by the number of 
observations for the species in question, and the resulting figures placed 
relative to the highest at 100. 


Lowland Grassland 
An examination of the work, field by field, brings out the fact that a 
species holds the same relative position in palatability whether it is 
situated in a temporary sward or in a permanent sward, and also whether 
it is in a pasture dominated by the better grasses or in a pasture where 


TaB_e 1. The Relative Amount Present and the Relative Amount Eaten 
of Miscellaneous Herbs in Lowland Grassland 


October to March April to September 


Amount Amount Amount Amount 
Species present eaten present eaten 

Ranunculus repens L. \ 
R. bulbosa L. | 47 41 
Viola arvensis Murr. I ° 
Sagina procumbens . 7 Trace 
Cerastium vulgatum L. ‘ ; 12 2 14 10 
Geranium molle L. : I ° 
Geranium rotundifolium . I ° 
Geranium dissectum L. . I 100 
Potentilla Anserina . 3 ‘Trace 
Alchemilla arvensis Scop. 3 ° Il ° 
Bellis perennis L. 100 gI go 44 
Chrysanthemum Leucanthemum L. . I 15 I Trace 
Achillea Millefolium L. 6 54 97 34 
Carduus lanceolatus L. . Trace ° 
Carduus palustris L. I Trace ‘Trace ° 
Carduus arvensis Robs. ae 4 ° 
Centaurea nigra L. 12 30 
Leontodon hispidus 1. 27 69 36 89 
Hypochoeris radicata L. 19 86 51 68 
Sonchus oleraceus 2 100 ‘Trace 50 
Taraxacum officinale Weber. . 8 80 26 100 
Crepis capillaris Wallr. 3 70 4 50 
Hieracium Pilosella L. . I 100 16 65 
Bartsia Odontites Huds. 14 10 
Pedicularis sylvatica L.. = 14 ° 
Nepeta hederacea Trev. I ‘Trace 
Prunella vulgaris L. 46 18 26 I 
Plantago major LL. 8 20 
Plantago lanceolata L. . 43 95 100 93 
Rumex obtusifolius L. I l'race 
Rumex Acetosella L. 3 20 4 20 
Juncus bufonius L. 3 80 
Luzula campestris Br. 12 46 10 40 
Carex spp. 7 83 I 7O 
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the weed-grasses preponderate. (‘This important point will be dealt 
with in detail in a subsequent section.) Such being the case, all the 
data for the lowland fields have been brought together in ‘Table 1, 
particulars being given for the two periods, October to March and April 
to September. 

During the period October to March, Ranunculus repens and R. bulbosa, 
Bellis perennis, Prunella vulgaris, and Plantago lanceolata stand out as the 
species present in greatest abundance. Of these, Bellis perennis and 
Plantago lanceolata have been exceedingly well grazed; Ranunculus 
repens and R. bulbosa have been grazed to only half the extent, whilst 
Prunella vulgaris has been relatively poorly grazed. In regard to the 
species present in lesser amount the most noticeable points are the 
relatively good grazing of Leontodon hispidus, Hypochoeris radicata, 
Sonchus oleraceus, Taraxacum officinale, Crepis capillaris, Hieractum 
Pilosella, Funcus bufonius, Luzula campestris, and Carex spp. 

The figures for the period April to September show that relatively 
less Bellis perennis was eaten, much less Ranunculus repens, R. bulbosa, 
and Prunella vulgaris, but Plantago lanceolata was still one of the hardest 
grazed species. Achillea Millefolium, one of the most abundant species 
during this period, has not been relatively hard grazed, but has been by 
no means avoided. ‘The order of relative palatability of the species was 
in general similar to that for the first period. ‘The most unpalatable 
species present in quantity in this class of field are Sagina procumbens, 
Cerastium vulgatum, Potentilla Anserina, Alchemilla arvensis, Carduus 
arvensis, Pedicularis sylvatica, and Prunella vulgaris. 


Corn-stubble Grazings 

The practice of grazing the growth of newly sown seeds-mixtures 
after the corn has been harvested, and also of turning the sheep on to 
the unseeded stubbles when they come down from the hills in the 
autumn, enabled the writer to obtain from such areas the relative 
palatability data which are presented in ‘Table 2. 

Notwithstanding the widely differing conditions of these two classes 
of corn-stubbles—the one offering to the sheep an abundance of young 
grass and clover, and the other a volunteer growth of weed-grasses, 
with very small amounts oi the better species—the striking fact emerges 
that those miscellaneous herbs which occur in each class have, in 
general, been eaten to the same relative extent. Moreover, the relative 
palatability of these species is practically the same as it was in the low- 
land grassland fields. "The chief exceptions are the much better grazing 
of Ranunculus repens and Plantago major, and the good grazing of 
Geranium rotundifolium in the seeded stubbles. 

Of the species which have occurred only in these stubble fields, the 
avoidance by the sheep of Galium verum, Senecio vulgaris, Anagallis 
arvensis, Mentha sativa, Polygonum aviculare, and P. Persicaria is very 
noticeable. 

The good grazing of Potentilla reptans in unseeded stubbles is remark- 
able, as throughout the work the Potentilla species have shown them- 
selves to be an unpalatable group. 
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TABLE 2. The Relative Amount Present and the Relative Amount Eaten, 
of Miscellaneous Herbs in Seeded and Unseeded Corn-stubbles 


Seeded stubbles Unseeded stubbles 
Amount Amount Amount Amount 
Species present eaten present eaten 

Ranunculus repens L. 84 64 100 
Viola arvensis Murr. . ; : 2 ° 2 Trace 
Sagina procumbens L.. 14 ° 19 ° 
Cerastium vulgatum L. 19 ° 14 Trace 
Geranium rotundifolium L. . a3 50 I 3 
Geranium dissectum L. . Trace ° Trace 80 
Potentilla reptans L. 15 45 
Potentilla Anserina L. . ‘ ; 23 ° 10 ° 
Alchemilla arvensis Scop. P ; 51 ° 37 Trace 
Galium verum L. : 12 ° 4 ° 
Bellis perennis.L. : ‘ 51 95 74 85 
Alchillea Millefolium 5 80 26 58 
Carduus arvensis Robs. ‘ 3 Trace 
Centaurea nigra L. me Trace 70 
Leontodon hispidus L. . 78 
Hypochoeris radicata L. II 88 
Sonchus oleraceus . ‘ 5 100 ‘Trace 100 
Taraxacum officinale Weber. . : Pes on 3 95 
Anagallis arvensis 33 ° 7 
Digitalis purpurea L. Trace ° 
Veronica agrestis L. ‘ 2 ° Trace ° 
Mentha sativa L. 5 ° I ° 
Prunella v ulgaris 63 fo) 7 9 
Plantago major L. II 75 
Plantago lanceolata L. Trace 100 II go 
Rumex obtusifolius L. . ° I 7 
Rumex Acetosella L. 100 3 40 18 
Polygonum aviculare L. ‘ aa I ° 
Polygonum Persicaria 1. I ° 
Urtica dioica L. . : Trace ° 
Juncus bufonius L. 7 100 
Luzula campestris Br. . I 55 
Carex spp. ‘ ‘Trace 50 


The Relative Palatability of Grasses and Clovers in Lowland Fields 


During the investigation into the palatability of miscellaneous herbs, 
attention was paid to the grasses and clovers with which they are 
associated. As, however, the palatability of the sown species has already 
been subjected to thorough investigation [7, 8, 9, 10, 11], the intention 
of the writer is to use the data obtained in the present work for com- 

arisons between the conditions existing in the several classes of low- 
heed fields under discussion, and not to enter into an exhaustive study 
of this branch of the subject. 

Particulars regarding these species are presented in ‘Table 3. 

‘Taking the seeded stubbles first, as comprising seedling growth, the 
outstanding point is the very hard grazing of Dactylis glomerata and 
Trifolium pratense. In all fields of this class these two species were the 


A 
¥ 
aa 
| 
| 
| | 


di 


4 


PALATABILITY OF MISCELLANEOUS HERBS, E 


06 I £g 9 
gz 
98 
gl 
99 II zs J, 
LY + 
L zl 
oo! L6 gz 
ool zl 
Sg Il 
Li, * Iz z9 
oz + . 
LL ool 6 
gs I 
oo! z9 
uajva quasaad uajva quasaad 
qunowpy qunoup qunoup 


AIQUIII(T OF 439019) 


Saqqqnis papaasuy) Saqqqnis papaas 


papaasuy) puv papaay 


oc 
SZ 
uajva 


fg 
ol 
vz 


quasaad 


0] Navnuvg 


og gt 

9¢ L 

oOo! 

L6 99 

£9 tI 

os 8 

89 I 

gl +S 

oor ot 

oy 

69 ool 

og 

ol 

uajva quasaad 


PUDINO'T 


: suadaa unio fia 


: snansoud’) 


PUDINO'T Ul $4920]. pun sassvay fo Junowmp a2yvjay ay] puv Juasatg Junoump aayvjay ayy, J, 


351 

“Oo - RO 

. . . . . . . . . . . 


352 W. E. J. MILTON 

most closely grazed. The Agrostis species in this class were badly 
‘burnt’, which accounts for the relatively small amount eaten. The 
importance of this factor as affecting palatability will be fully dealt with 
in the discussion. 

Considering next the figures for the lowland grassland, we find that 
the Agrostis species were relatively well grazed. Here the plants were 
mature, and the thick growth of tillers often offered to the animals much 
green leafage. The figures for the additional period of January to March 
give practically the same relative palatability values as the first period. 
Aira caespitosa was found to be grazed when ‘keep’ was scarce. The 
very high relative palatability of Triodia decumbens is worthy of note. 

In the unseeded corn-stubbles the picture is quite a different one; the 
better grasses are present only in small amounts, the food available 
being chiefly composed of Agrostis spp., Holcus lanatus, and Poa annua, 
with the mass of miscellaneous herbs. This is reflected in the relative 
amounts eaten of the grass species. ‘The species having high relative 
palatability have been picked out and grazed very hard, although 
present in small amount, the distinction between the highly palatable 
and the less palatable species being clearly defined. The good grazing 
of the Avena sativa seedlings derived from seed shed at harvest, and 
the wide difference in relative palatability of the two Holcus species are 
worthy of note. 

‘Taking the data for grass and clover as a whole, the very high relative 
palatability of Lolium perenne and Cynosurus cristatus in winter, the 
general good grazing of the Agrostis species and of Holcus lanatus in 
relation to the other species, and the high palatability of Trifolium repens, 
are facts to be borne in mind. 


The Two Groups of Plants Compared 
As mentioned earlier in this paper, a record was kept of the relative 


productivity and the relative amount eaten of the miscellaneous herbs, 
and of the grasses and clovers. ‘These data are presented in ‘Table 4. 


TaBLe 4. The Productivity and Amount Eaten of the Total Quantity of 
Miscellaneous Herbs for Lowland Grassland and Corn- stubbles relative 
to the Grasses and Clovers at 10 

Relative Relative 
productivity amount eaten 
Lowland grassland 


Winter « 6°7 

Seeded stubbles 

Unseeded stubbles 


The figures for productivity on lowland grassland do not differ widely 
for the four seasons. Miscellaneous herbs contribute rather more to the 
total keep in winter than during other seasons. ‘The striking fact with 
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regard to productivity is that miscellaneous herbs contribute slightly 
more than the grasses to the total keep of unseeded corn-stubbles. 
‘This is an important point, as the number of sheep which these fields 
carry from October until the time of re-ploughing is very considerable. 

The relative figures for amount eaten illustrate very clearly the impor- 
tance of the miscellaneous herb-population on grazing land. 

Decidedly more use is made of miscellaneous herbs by the grazing 
animal in winter than during other seasons. ‘The consider able drop from 
6-7 in winter to 1-9 in spring is evidence of the fact that the stock pay 
most attention to the fresh growth of the grasses and clovers available 
at that time. The amount of grazing w hich takes place on the miscel- 
laneous herbs in the summer months, when there is normally an ample 
supply of grass keep available, is very appreciable. 

In the seeded corm-stubbiles, the relative amount eaten of miscel- 
laneous herbs from among the young growth of sown species is larger 
than would be expected, especially in view of the fact that there was an 
abundance of grass and clover keep still to be eaten on every field of 
this class examined. 

The relative figure (7-0) for the unseeded corn-stubbles shows not 
only that more miscellaneous herbs are eaten on this class of field than 
on the others, but also—and this is especially noteworthy—that mis- 
cellaneous herbs as a unit are not eaten to the same extent as grasses and 
clovers as a unit, for in the present class of field the possible effect of a 
wide difference in the relative quantity available is nullified. 


The Open-hill Grazings 

The Welsh hills contain three fairly clearly defined natural pastures. 
These pastures and their characteristics have been discussed by Staple- 
don [12], with special reference to the grazing animal, but an enumera- 
tion of the chief species from a grazing standpoint may be included 
here. 

Fescue-Agrostis pasture. ‘This class of pasture occurs on the drier 
slopes of the hills and contains Festuca ovina (with a little F. rubra) and 
Agrostis spp. as dominant species. Other species present are Anthox- 
anthum odoratum, Triodia decumbens, Potentilla erecta, Galium saxatile, 
Vaccinium Myrtillus, Luzula campestris, and Carex spp. 

Nardus pasture. ‘Vhis class is dominated by Nardus stricta. Other 
species present are Molinia caerulea, Triodia decumbens, Vaccinium 
Myrtillus, Juncus squarrosus, Scirpus caespitosus, Carex spp., and very 
often small amounts of Festuca ovina and Agrostis spp. 

Molinia pastures. ‘Vhe dominant plant in this class is /Molinia 
caerulea, which may contribute up to 80 per cent. of the herbage. Other 
species in this class are Nardus stricta, Scirpus caespitosa, Juncus squar- 
rosus, and Carex spp. 

The fescue- Agrostis pastures are frequently infested by Plerts aquilina 
in summer. Areas of Calluna and Erica spp. are relatively abundant in 
certain localities, whilst colonies of Juncus communis occur in the wet 
areas. 

There is often a merging of one association into another, especially 


y 

h 

it 
e 

hy 

h 

ly 

e | 

4 

1 

e 

e 

1 

f | 

| | 


354 W. E. J. MILTON 


of the plants of the Nardus and Molinia pastures, and the above classi- 
fication is to be regarded in some respects as a rough generalization. 

The seasonal management of the flocks consists in grazing these open 
hills during the late spring, summer, and early autumn. At that time the 
majority of the sheep are brought down to the lowland and semi-low- 
land pastures, but a certain number are left on the hills during the 
winter months. In the present work data were collected over the above 
plant-associations throughout the year. As these associations are inter- 
mingled, the sheep having free access to all at the same time, the data 
have been grouped together and are presented in Table 5 for two periods 
of the year, the grasses and miscellaneous herbs being treated as one 
unit. 


Tas_e 5. The Relative Amount Present and the Relative Amount Eaten 
of Grasses and Miscellaneous Herbs on Open-hill Grazing Areas 


October to March April to September 
Amount Amount Amount Amount 
Species present eaten present eaten 
Anthoxanthum odoratum L. 2 100 4 100 
Agrostis spp. ‘ 78 87 40 46 
Triodia decumbens Beauv. . , 59 96 10 99 
Molinia caerulea Moench. . 33 58 
Festuca ovina L. . 100 76 100 3 
Nardus stricta L.. 71 21 48 16 
Potentilla erecta Hampe : ‘ 5 15 3 3 
Galium saxatile L. ‘ F ‘ 16 20 2 10 
Vaccinium Myrtillus L. ; : 13 25 2 Trace 
Calluna and Erica spp. ; : 32 5 7 ° 
Juncus squarrosus Le. ‘ ‘ 7 68 5 79 
Luzula maxima D.C... I 10 
Luzula campestris Br. . 53 64 10 47 
Scirpus caespitosus L. . 15 2 
Carex spp. 26 II SI 


* Present in abundance, but entirely burnt. 


Considering the winter period first, it is found that all the species have 
been grazed to some extent, except Molinia caerulea and Scirpus caes- 
pitosus. Nardus stricta is relatively the least palatable of the grasses, and 
Festuca ovina is rather less palatable than Agrostis spp. ‘The very high 
relative palatability of Triodia decumbens is noticeable. 

Of the miscellaneous herbs, Funcus squarrosus, Luzula campestris, and 
Carex spp. have shown themselves to have a high relative palatability 
value. Vaccinium Myrtillus has been grazed considerably more than 
Calluna and Erica spp. 

Comparing these figures with those for the summer period, the effect 
of the presence of abundant green herbage becomes apparent. Still less 
is eaten of the species which showed a relatively low palatability value 
in winter. ‘The new growth of Molinia caerulea and Scirpus caespitosus 
shows a relatively high palatability figure, whilst Triodia decumbens, 
Juncus squarrosus, Luzula campestris, and Carex spp. retain their high 
position. 
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In general, the species which dominate these natural hill pastures are 
not the highest in relative palatability among the species which form 
them. Thus, Festuca ovina and Agrostis spp. are surpassed by Anthox- 
anthum odoratum and Triodia decumbens, and equalled by Funcus squar- 
rosus, Luzula campestris, and Carex spp.; Nardus stricta is surpassed by 
the majority of the other species, whilst Molinia caerulea, during its 
green period, is surpassed by Anthoxanthum odoratum, Triodia decum- 
bens, Funcus squarrosus, Scirpus caespitosus, and Carex spp. 

Observations were made on Ulex Galli. It was found to be grazed, 
but to an extremely small extent compared with the grasses and other 
plants in its immediate vicinity. Brenchley [13] states that this species 
is eaten by sheep and ponies, and Fenton [14] that it is eaten by sheep. 


Discussion 


The data disclose the fact that in the lowland fields examined there 
are miscellaneous herbs which are definitely palatable to stock; and 
investigation of the individual fields showed that in certain circumstances 
they are actually sought after. ‘These herbs are: Bellis perennis, Plantago 
lanceolata, Hypochoeris radicata, Leontodon hispidus, Sonchus oleraceus, 
Taraxacum officinale, Crepis capillaris, Hieracium Pilosella, and Carex spp. 
Of the first three mentioned, not only had the leaves been eaten, but 
in many fields during the winter the crowns of the plants had been 
scooped out; and this was found to be the case in fields which were by 
no means very hard grazed. 

The following species can be classed as of moderate relative pala- 
tability: Ranunculus repens and R. bulbosa, Achillea Millefolium, the 
young leaves of Centaurea nigra, Plantago major, Rumex Acetosella, 
Juncus bufonius, and Luzula campestris. 

The definitely unpalatable herbs are: Viola arvensis, Sagina pro- 
cumbens, Cerastium vulgatum, Potentilla Anserina, Alchemilla arvensis, 
Galium verum, Senecio vulgaris, Carduus spp., A nagallis arvensis, Digitalis 
purpurea, Veronica agrestis, Mentha sativa, Pedicularis sylvatica, Nepeta 
hederacea, Prunella vulgaris, Rumex obtustfolius, Polygonum spp., and 
Urtica dioica. 

The grazing of the Geranium species was erratic. Relatively few 
examinations of G. dissectum were made, and the conditions in these 
fields indicated that this species had been grazed as a welcome change 
of diet. Owing to its relative palatability in unseeded corn-stubbles, 
Potentilla reptans is not included in the same category as Potentilla 
Anserina. Potentilla erecta was grazed on the hill pastures, but it was 
always found that this species and Galium saxatile were grazed only 
when the fescue-Agrostis herbage, with which they are associated, was 
closely eaten. Orr if 5] regards ‘the Potentilla species as an undesirable 
group. Of the Carduus group, C. palustris was grazed to some extent in 
unseeded corn-stubbles. ‘The top portions of Bartsta Odontites were 
eaten by sheep, but it was found that if this species was growing thickly 
in a portion of a field, the grass herbage on that portion was not as well 
grazed as that on the non-infested portion. 

The miscellaneous herbs found in this investigation to be palatable 
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coincide very closely with the species mentioned by Cockayne [1], 
namely, Hypochoeris radicata, Sonchus oleraceus, C repis capillaris, 
Achillea Millefolium, Rumex Acetosella, Luzula campestris, and a species 


of Carex. Of other species, Long [4] reports that the young leaves of 


Centaurea nigra are readily eaten by cattle and sheep, and Davies [8] 
found that Bellis perennis and Plantago lanceolata have a high relative 
palatability in winter, but the Ranunculus species are eaten only in small 
amount at any time. 

Other investigations into the subject of palatability have shown that 
certain factors influence the degree to which a species is grazed [7, 8, 
10, 11, 16]. Chief among these are stage of growth, accessibility, and 
‘burn’. ‘The present work has again emphasized the effect of these 
three factors, but that of burn has been found to be of very great 
magnitude. With this factor, its opposite—winter greenness—can be 
suitably discussed. ‘Thus it was found that if Dactylis glomerata was 
allowed to become coarse in the autumn and consequently burnt, it 
was not eaten by cattle or sheep, but that small green plants in the same 
field were hard grazed (see also g). It was also found that dead sheaths 
of D. glomerata hindered the grazing-off of the green leaves of the same 
plant. On the other hand the winter greenness of D. glomerata kept in 
a short condition, and of Lolium perenne and Cynosurus cristatus, was 
repeatedly emphasized. ‘The grazing of Cynosurus cristatus calls for 
special comment, although the palatability of this species has previously 
been stressed by Davies [8], and by Stapledon and Milton [11]. The 
leafage of this grass is very palatable to stock at all periods of the year, 
as shown in ‘Table 3. ‘The strong, light-coloured inflorescence stems, 
however, give the plant an unpalatable appearance at certain periods. 

The effect of burn is chiefly noticeable when comparing the group of 
miscellaneous herbs with that of the grasses and clovers, and, further, on 
the open-hill grazings. 

On lowland grassfields in winter it was frequently found that the 
miscellaneous-herb group was the harder grazed. ‘The reason for this 
was that the greenness of the grasses was impaired by burnt Agrostis spp., 
Holcus lanatus, and Dactylis glomerata sheath, whilst the miscellaneous 
herbs were abundant and perfectly green. ‘This winter greenness of 
miscellaneous herbs is, in fact, one of their characteristics, but it is not 
confined to the palatable species alone. 

The effect of burn on the hills was most marked in winter. The 
green and accessible growth of T'riodia decumbens, and the green growth 
of Juncus squarrosus were then eagerly sought after, although these 
species were well grazed throughout the year. The latter species is 
mentioned by Clouston [17] as valuable for its palatability during winter. 
‘The greenness of the Carex species probably accounts to a great extent 
for their high relative palatability. Nardus stricta, however, afforded the 
most interesting case. ‘The young leaves appearing in early summer 
were grazed, but the plants were avoided when they reached the 
flowering stage. In the autumn and winter, when the burnt outer leaves 
and the stems give this species such a poor appearance, examination 
disclosed the fact that the sheep left on the hills graze the green centres 
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of the mature plants and any small green plants available. When the 
great acreage under Nardus stricta is considered, the amount of food 
obtained from it, in view of this grazing, must be considerable, although 
the palatability value of this species is low relatively to that of the other 
hill species. ‘The case of Funcus communis is very similar. ‘The green 
leaves in the plant centre were found to be closely grazed on lowland 
fields and in the hills when other keep was scarce. 

The factors of growth-stage and accessibility are clearly associated 
with burn, as the foregoing discussion shows. The flowering stage and 
any coarseness of leafage detract from the palatability of miscellaneous 
herbs, whilst the erect growth of some species and the prostrate growth 
of other species affect the degree of grazing, particularly when cattle are 
the grazing animals. 

When the chemical data for miscellaneous herbs published by Fagan 
and Watkins [3] are examined in relation to the relative palatability of 
these species, it is found that the most palatable species of lowland 
fields are decidedly rich in calcium. It is possible that the hard grazing 
of these herbs in winter, when the clovers are offering very little keep, 
may be due to this fact. The very high calcium-content of Plantago 
lanceolata, with its high relative palatability value, affords a clear indica- 
tion of this possibility. On the hill pastures Vaccinium Myrtillus and 
Luzula campestris stand out as the superior species in mineral-content. 
It has been shown in this paper that the latter is well grazed on the hills 
throughout the year, and that the former is grazed to a considerable 
extent in winter. Orr [18] has shown that the herbage selected by 
animals on pastures with a low mineral-content is richer in minerals 
than that left uneaten. He also mentions in the same work that Molinta 
caerulea has been suspected of causing brittle-bone, also the stunted 
growth of mountain sheep and cattle in parts of Wales, where this 
species constitutes a large proportion of the fodder. ‘The hills in the 
locality under discussion in the present paper can offer a change of 
diet from Molinia caerulea, and consequently a wider range of mineral 
content than is afforded by the grass species alone. When the stock is 
brought down to the lowland pastures in winter, however, any effect of 
mineral deficiency will probably be largely obliterated. Walters [19] 
has recently contributed further evidence of the effect of mineral 
content on hill grazings. He finds that in a certain district of North 
Wales, Scotch black-face sheep do better than the Welsh sheep, because 
they feed chiefly on the heather tips, whilst the Welsh sheep feed almost 
exclusively on the grasses. Figures are given to show that the heather 
tips are richer in minerals than the grasses. 

Recently Sheehy [6, 20] has drawn attention to the influence of the 
dry matter factor on the value of pastures. He emphasizes the fact that 
miscellaneous herbs contain a lower percentage of dry matter than 
clovers, and that clovers contain less dry matter than grasses. ‘The 
writer cut samples of four of the most palatable miscellaneous herbs 
from three grazing fields, together with samples of the mixed grass and 
clover species. ‘The material was placed in weighed, air-tight 3-litre 
bottles on the field, and later dried in an oven. At the same time samples 
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of grasses and clovers were cut from pure plots which were grazed at 
three-weekly intervals. ‘The data are presented in Table 6. The figures 
from the three fields have been averaged. 


TaB_e 6. The Percentage of Dry Matter contained in the Fresh Herbage 
of Miscellaneous Herbs, Grasses, and Clovers, sampled at three dates in 1933 


Grass and clover mixture . ‘ 23°1 28-0 
Bellis perennis L. : 13°4 22°0 
Hypochoeris radicata ; 9°6 13°8 17°9 
Taraxacum officinale Weber. ; 15°4 19°3 18°3 
Plantago lanceolata L. : 16°1 21°4 20°0 
Phleum pratense L. ‘ 15°4 23°8 16°6 
Agrostis vulgaris With. 23°6 37'8 24°7 
Holcus lanatus L. 14°8 25°1 18-0 
Dactylis glomerata L. 18-0 25°8 
Festuca elatior L. sub-sp. pratensis (Hack. 26°3 21°4 
Festuca elatior L. sub-sp. arundinacea (Hack.) : 19°4 29°4 20°7 
Festuca rubra L. ‘ ‘ 21°6 28°8 24°4 
Lolium perenne L. ? 17°5 19°5 
Lolium italicum Braun. ‘ : ‘ 14°0 25°6 16°4 
Trifolium pratense L. ‘ 25°6 18°3 
Trifolium repens L. . : 15°2 20°3 16°0 


The higher percentage dry matter of the grass and clover mixture, 
free from miscellaneous herbs, is very marked for each date. Agrostis spp. 
constituted the largest part of the grass herbage in the fields, and it is 
therefore significant to find that Agrostis gave the highest percentage 
dry matter from the pure plot field. Trifolium repens has shown a 
decidedly lower percentage of dry matter than the majority of the grasses, 
but Trifolium pratense has prov ed approximately equal to them in this 
regard. ‘The much higher figures for the June cut indicate the possible 
etfect of the inflorescence period on the content of dry matter, although 
the herbage was only three weeks old in each case. Previous work on 
this subject conducted by Stapledon [21] has, however, shown that 
under a system of pasture-cuts the dry-matter content of green grass 
tends to be low in May and high in late June, the dates being determined 
by the meteorological conditions. Stapledon has also shown how a dry 
season raises the percentage of dry matter in grass to a marked extent, 
and Woodman [22], in enumerating the effects of prolonged drought 
on pasture, mentioned a reduction in the moisture-content. In view of 
these facts, therefore, the figures in question are probably a result of 
the periodicity of the herbage in regard to dry-matter content exag- 
gerated by the effects of drought. Williams [23] has conducted similar 
work on Trifolium pratense, and has found a negative correlation to 
exist between percentage dry matter and total yield. 

‘The data available are not sufficient to allow of a definite decision 
being arrived at regarding the existence of a correlation between per- 
centage dry matter and palatability. ‘The main point, however, is that 
although certain miscellaneous herbs have shown themselves to be 
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highly palatable, their presence in a pasture detracts from its value as 
judged by the standard of dry matter, hence the importance of density 
and vigour in the grass portion of a pasture as stressed by Sheehy [6] 
and Woodman [24]. 

‘That management is responsible for the presence of the large popula- 
tion of miscellaneous herbs which exists in grassland has been clearly 
demonstrated by Jones and Jones [25, 26]. 


Summary 

An examination has been made of the relative palatability of miscel- 
laneous herbs, grasses, and clovers on widely differing types of grazing 
land. 

The miscellaneous herbs can be grouped into three well-defined 
classes: highly palatable, moderately palatable, and definitely unpalatable. 

The relative palatability of the miscellaneous species was approxi- 
mately the same for each type of grazing land examined; but the grasses 
showed variation, chiefly due to stage and type of growth and the 
presence of burn. 

The choice of the grazing animal between miscellaneous herbs and 
grasses in lowland fields, and also between the individual species com- 
posing hill pastures, is shown to be influenced markedly by the factor 
of burn on the one hand, and of winter greenness on the other. 

‘The importance of the miscellaneous-herb group in terms of relative 
productivity and amount eaten is indicated, and the mineral and dry- 
matter contents are discussed. 
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GRASSLAND MANAGEMENT AND ITS INFLUENCE ON 
THE SWARD 


Pt. IV. THE MANAGEMENT OF POOR PASTURES 
Pt. V. EDAPHIC AND BIOTIC INFLUENCES ON PASTURES 


MARTIN G. JONES 
U.CI. Agricultural Research Station, Jealott’s Hill, Berks.) 


Pr. IV. The Management of Poor Pastures 


An Old Permanent Sward.—To find out if old permanent pasture 
resembles younger swards in its response to variations in management 
[1, 2, 3], an experiment similar to Experiment A, previously described 
[2], was laid out on a very old permanent pasture typical of those in 
the district. 

The sward consisted chiefly of bent grass, together with a fair pro- 
portion of Yorkshire fog, a smaller proportion of fine-leaved fescues, and 
very little clover or better grasses. ‘The field, from which an acre was 
fenced off and divided into eight plots, had received basic slag at the 
rate of half a ton to the acre in January 1931, and was grazed throughout 
that year. The fences were erected early in March 1932, when Plots 1, 2, 
3, and 4 were dressed with nitro-chalk at the rate of 2 cwt. per acre, 
followed a year later by a similar dressing. ‘This pasture was in the field 
adjoining the young sward previously referred to (Experiment A), and 
it was very striking to note how much later in the spring did the old 
pasture start active growth, even where the nitrogenous dressing had 
been applied. ‘There was no appreciable growth on either section of it 
before the middle of May, but from that time onwards there was a quick 
response to the fertilizer. 

The numbering of the plots and their method of management corre- 
sponded exactly with those adopted in Experiment A [2]. 

Although this experiment has been running for two seasons only, 
the contrast in the botanical composition of the plots is very striking, 
as shown by the data in ‘Table 1, which indicate the relative abundance 
of the species in the summer of the second year. The botanical com- 
position of Plot 8, which was overgrazed in the spring and undergrazed 
in the summer and autumn (the same treatment as was given in previous 
years), remains fairly constant, and this plot serves as a control for 
contrast with the other treatments. 

The close grazing of Plots 1 and 5 throughout the growing season, 
and particularly in the spring, has resulted in a remarkable increase in 
the content of white clover on both the nitrogen and the no-nitrogen 
plots; and the weed-grasses have been severely depressed. In contrast 
with this, the protection given in the spring to Plots 2 and 6 has served 
to increase the vigour of all the grasses, which in turn have checked 
the clover. 
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When the improvement of the sward with regard to the grass popula- 
tion is considered, it will be seen that this lenient treatment in spring has 
not been altogether beneficial to the better grasses, as it has not led to 
the most rapid eradication of the weed-grasses. Where the early grasses 
were allowed to make advanced growth in the spring, it became difficult 
to maintain the sward in a closely-grazed condition during the remainder 
of the growing season, for two reasons: first, because the early grass 
developed into a more advanced stage of growth, thus producing a 
vigorous plant capable of more rapid recovery after defoliation; and 
secondly, the more advanced stage of growth produced a more stemmy 
herbage, which being less palatable was not readily eaten. It is true that 
tall ‘stubble’ eventually served to protect the good grasses, but it also 
harboured the first shoots of the weed-grasses during their critical period 
of growth, thus enabling them to attain a stage of development in which 
they were no longer palatable to the animal. 

When starting with a sward composed of so many of the less palatable 
grasses, protection in the spring, especially during the latter part of it, 
may thus result in a greater benefit to the less useful grasses—the later 
and unpalatable species—than to the good ones, and later on in the 
summer certainly adds to the difficulty of maintaining a free range for 
the prostrate white clovers to spread. 

The rotational grazing (Plots 3 and 7) caused an appreciable increase 
in perennial rye-grass, and an increase in the clover-content inter- 
mediate between that on the very heavily grazed plots and that on the 
plots that were lightly grazed, particularly in the spring. 

The initial improvement in such a poor type of sward must be due to 
palatability, and may be assessed by the extent to which the weed- 
grasses are suppressed. From this point of view it is significant that so 
far, i.e. during a period of less than two years from the commencement 
of the experiment, the improvement in botanical composition has pro- 
gressed most rapidly under close grazing throughout the season. Later, 
however, when the improvement extends to increased productivity at 
critical periods, it is probable that the maximum response will be obtained 
from the treatment given to Plot 3; and perhaps at a still higher level of 
improvement, from the treatment given to Plot 2. 

As in the case of the young swards described in the two previous 
papers [2, 3], there was very close agreement with respect to changes in 
botanical composition between the corresponding plots under the nitrogen 
and no-nitrogen treatments, though the yield itself was greatly increased 
by the nitrogenous manuring. 

The most striking feature of this experiment is the extreme rapidity 
with which the botanical composition of the sward changed under the 
influence of the grazing animal, although the sward had remained in 
stable equilibrium for such a long time previously. Originally, the sward 
was dominantly bent, fog, fine-leaved fescues and buttercups, stock 
avoiding it as much as possible, and it had remained in this condition for 
a very long time. Moreover, the land was normally regarded as being 
naturally inclined towards bent grass. The rapidity with which wild 
white clover and perennial rye-grass increased would suggest that, in order 
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to improve swards of this type and maintain them at a high standard of 
production and palatability, it would be more economical so to invest the 
capital available as to enable the stocking and its timing to be adjusted 
to give due consideration to the benefit of the sward, rather than spend 
it on ploughing out, cultivating, and re-seeding. The last two columns in 
‘Table 1 show to what extent the control of the grazing has influenced the 
proportion of useful plants to the relatively useless ones. 

A ‘Tumble-down’ Pasture.—The existence of vast areas that have been 
allowed to ‘tumble down’ to grass during the post-War period prompted 
an experiment on the management of this type, since such pastures are 
generally regarded as incapable of maintaining good grasses. 

On such an area a field was selected which prior to 1930 had been 
a neglected pasture for at least twenty years; no stock could be induced 
to graze it; and the seeds sown on it had failed completely. ‘The soil is 
a heavy loam, and when this experiment was started it still contained 
much undecomposed organic matter derived from the matted sward 
ploughed in two years previously. 

In January 1930 the field was ploughed up, and with the aid of a 
complete fertilizer a good crop of mangolds was grown on it, the yield 
being estimated at 40 tons per acre. ‘The crop was maintained fairly 
clean throughout the season. The following year it was sown with spring 
oats and undersown with a seeds-mixture consisting of cocksfoot, at the 
rate of 30 lb. per acre, and wild white clover, at 2 lb. per acre. ‘The oat 
crop was disappointing, being rather thin though quite tall. Yorkshire 
fog, however, which was one of the main constituents of the pasture in 
previous years, though kept in complete check during the previous 
season, made very rapid growth and entirely swamped the young seeds 
just as they came tat the ground and before they could establish 
themselves. 

By the following spring (February 1932) the whole field seemed 
almost a pure stand of Yorkshire fog, none of the cocksfoot and wild 
white clover showing up at all. 

On this ‘tumble-down’ pasture two plots, each of }-acre, were fenced 
off in February, Plot 1 being kept as control (no manuring and bad 
grazing). Plot 2 was treated with fertilizers, and the grazing by sheep 
was directed towards the depression of fog and weed-grasses and the 
encouragement of clover and better grasses. 

The manurial dressing given to the treated plot consisted of basic 
slag at 8 cwt. per acre and kainit at 3 cwt. per acre, applied in February, 
followed in March by a dressing of nitro-chalk at 2 cwt. per acre. The 

latter dressing was repeated in the following March. ‘The herbage on 
this plot was grazed fairly closely, particularly during May and June of 
the first year, the stock being generally on for a week and off for a fort- 
night. The grazing on the untreated plot (Plot 1) was also fairly close 
during March and April but afterwards very light, though the sheep 
were given fairly frequent access to it throughout the season. 

The contrast between the botanical composition of the two plots 
after two seasons’ treatments may be seen from the data in ‘Table 2, 
the analysis being carried out at the end of July. 
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The cold weather during March and April in the first year resulted in 
very little growth on either plot. During May the buttercups sprang up 
very rapidly, but in the untreated plot there wasvery little grassto mix with 
them, and the sheep at this time merely selected a little of the young grass, 
leaving most of the buttercups, with their erect stalks, almost untouched. 

On the treated area (Plot 2) the grass, growing more rapidly, was more 
succulent and palatable, and there was more of it in proportion to the 
buttercup. The buttercup was accordingly taken by the sheep very 
largely in their stride with the grass, whilst a further check was given 
to it during the young stage by the sheep not being allowed to roam off 
on to other pastures. 

During June Plot 1 appeared as a mass of buttercups with an under- 
growth of Yorkshire fog, when the whole plot was almost entirely 
avoided by the sheep. 

On the other hand, growth on the treated plot, having been checked 
in May, was kept under control more easily in June, and practically none 
of the plants, either grass or any other, produced any stem-growth. 
This resulted in a more open sole, where the invading wild white 
clover, rough-stalked meadow-grass and crested dogstail developed 
rapidly. A few plants of cocksfoot also appeared in both plots, some of 
which no doubt arose from the seeds originally sown. 

From June onwards the growth on Plot 1 became still more unpala- 
table, whereas that on the treated plot improved steadily, with the result 
that by August the clovers and the more useful grasses occupied six 
times as much of the sward on the treated as on the untreated plot. 

As the autumn advanced, the sheep were inclined to graze less and 
less on the untreated plot, until when cold weather occurred in January 
and February every green blade was eaten, but there still remained a 
quantity of withered stems and leaves. ‘This old cover served to protect 
the young shoots in the following spring and made it still more difficult for 
the sheep to check the undesirable plants before these reached a suffi- 
ciently advanced stage to protect themselves by their unpalatable nature. 

During the autumn the treated plot was kept closely grazed so that 
in the winter it was free from any old growth and remained fairly green. 
This condition rendered easier the control of the sward during the 
second season, when the unpalatable Holcus species received a further 
check, thus allowing wild white clover and the more useful grasses to 
increase until they occupied practically half the sward by the middle 
of the second year of treatment, as seen in Table 2. 

This experiment shows that even pastures which have been allowed 
to seed themselves down can be improved by proper manuring and 
controlled grazing, even though no seed at all be used; also that it is of 
little use to sow any seed on them unless the time and mode of stocking 
afford the seedlings the conditions necessary for their establishment. 

To find out the extent to which the sward could be improved by the 
use of a mower to remove the excessive growth in summer, a portion of 
Plot 1 (one-third of its area, referred to in Table 2 as Plot 1a) was mown 
in July of the first year and the produce left on the ground, whilst in the 


following July the mower was used again and the produce removed. 
3988.4 Bb 
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In the autumn of the first year the sheep showed a distinct preference 
for the mown area as against the longer growth; such preference resulted 
in a weakening of the Holcus in the following year i greater develop- 
ment of wild white clover. The removal of the long growth in the 
second year gave a further impetus to the clover to such an extent 
that the leguminous plants had increased to 21-8 per cent. of the produce 
on that sward. 

The experiment was originally designed to see to what extent and 
how quickly a poor pasture could be improved under optimum con- 
ditions. It is interesting, therefore, to compare the improvement of 
Plot 2 in its dual aspect, biotic and manurial, with that of Plot 1a, 
which resulted from a one-sided management only. Observations on 
the improvements in palatability and botanical composition indicate 
strongly that the ‘animal-cum-manure’ combination is far superior to 
the mower as a means of improving pastures. This combination not 
only increased the clover-content at practically double the rate of that 
occurring on the mown plot, but also caused a remarkable increase in 
the proportion of the more useful grasses. ‘There is little doubt that the 
animal contributed quite appreciably to the latter improvement by its 
frequent and close grazing, together with its rapid return of manurial 
ingredients, thus causing an enhanced rate of circulation of the plant- 
food in its complete cycle through plant and animal. 

The full significance of the improvement in this sward is shown in 
the last two columns of Table 2, which give the total changes in the 
useful plants and in the relatively useless ones. 


Pr. V. Edaphic and Biotic Influences on Pastures 

Reviewing the evidence so far adduced in this series of papers [1, 2, 3] 
and considering the behaviour of various species under different con- 
ditions of fertility, there are indications that the edaphic conditions only 
govern the botanical nature of a sward indirectly; the biotic conditions 
are the really directing force. 

Improved conditions of temperature and moisture, together with 
a more plentiful supply of plant-food, enable every plant, when free 
from competition, to grow more vigorously. When plants are in com- 
petition without any biotic interference, their order of superiority is 
more or less alike whether the crop be a light or a heavy one. Factors 
such as a favourable early spring or a double quantity of plant-food do 
not alter either the order in which the species start active growth or their 
respective morphological forms relatively. Such edaphic factors may 
change the quantity of crop to the extent of doubling or trebling it, but 
the earlier and more erect tall-growing plants would be dominant whether 
the crop were light or heavy. The only limitation with heavy crops is 
that the competition becomes keener so that the late starters or the low- 
growing prostrate forms may suffer more. 

The biotic factor, on the other hand, has somewhat less influence on 
the quantity of crop, though cutting or grazing too often or too closely 
has a decided influence in reducing the yield of every plant. ‘The supreme 
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influence of the biotic factor, however, is twofold. First, there is the 
selective grazing: this becomes manifest when plenty of fodder is avail- 
able, the palatable plants being sought after; or again when the habit of 
growth becomes so prostrate! that it becomes almost inaccessible to the 
animal, in which case the erect-growing plants are taken. Secondly, the 
biotic influence is exerted through differential weakening of the various 
species, owing to variations in the intensity of grazing at different times 
in the year, and to inherent differences between the capacity of different 
species and strains of plants to withstand defoliation. With regard to 
the former point—intensity of grazing with time factor—climatic con- 
ditions and the availability of plant-food play a large part in determining 
the recuperating power of the various species after being defoliated. 

The facts seem to indicate that the usual upland conditions of poor 
soil and adverse weather conditions per se are not responsible for killing 
out the early and the erect species of plants, except in so far as they 
intensify the degree of their susceptibility to the biotic factor. 

The experimental results obtained up to the present, therefore, show 
clearly that there is a close interdependence between the plant members 
and the animal members within the agricultural biotic communities; 
and though the edaphic and climatic factors do influence the botanical 
composition of our pastures, we shall never be able to understand their 
full significance unless due regard be paid to the biotic factor. Indeed, 
unless we break down the water-tight compartments within which 
workers on Plant Husbandry and on Animal Husbandry have been 
accustomed to labour in the past, there is little hope of increasing the 
efficiency of our grazing policy and that of grassland management in 
general. 
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THE MANURING OF SUGAR-CANE 
H. H. DODDS 


(Experiment Station, South African Sugar Association, Mount Edgecombe, Natal) 


Tue yield per acre of cane sugar, like that of nearly all agricultural 
products, has much increased of late in most countries. ‘The world 
production of cane sugar has increased from 5 million tons in 1898 to 
12 million in 1917 and 18 million in the peak years of 1927 and 1928, 
since when there has been a slight fall. One cannot trace even approxi- 
mately the fluctuations in the area under cane, but it has certainly not 
increased to anything like the same extent; and in fact during the past 
few years the tendency in most countries has been to reduce the area 
under sugar-cane. 

Three main factors have led to this more intensive production: (1) the 
introduction and world-wide distribution of new and improved varieties 
resulting from modern plant-breeding methods; (2) the much more 
extensive and better-informed use of artificial manures; and (3) improved 
methods of cultivation, including irrigation. It is impossible to allocate 
the relative parts played by these three factors; each has been of great 
importance. 

‘The manuring of sugar-cane is not of such spectacular interest as the 
originating and establishing of new varieties, but it is the essential 
complement to that branch of research, in getting the best results from 
all established varieties, whether new or old. 

‘The use of organic manures, e.g. stable or pen manure and the various 
waste products of the sugar factory, has no doubt been practised from 
the earliest days of the sugar industry, but within the last generation 
the method of use has become improv ‘ed and standardized as the result 
of experience and increased knowledge of the scientific principles under- 
lying the conservation of such by-products and their application to the 
soil. 

Stable or Pen Manure 


In Mauritius and the British West Indies, in particular, ‘pen manure’ 
has been produced for years with a high degree of skill and care; it 
consists of soiled stable litter and manure mixed with various other 
waste matters, particularly those like fermented molasses that have an 
acid reaction and help to fix the free ammonia formed. For various 
reasons pen manure is not used so much as formerly. On many estates 
animal traction is now replaced by machines whose waste products are 
of little or no value in the soil; artificial fertilizers are now much cheaper 
than they ever were; and the cost of producing pen manure, largely a 
labour cost, tends to increase rather than decline. Recent experiments 
show that for the first few crops at least, artificials are as effective as and 
more economical than pen manure [1, 2]. 

It is a moot point, however, whether the ultimate residual effects are 
the same. In Hawaii it is claimed that a system of permanent agriculture 
has been built up on the supply to the soil only of inorganic artificial 
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manures, an ample supply of water, and the return of such waste 

roducts as filter-press mud from the factory and occasionally molasses. 

he guiding principle there appears to be: “Ihe best way to maintain 
the fertility of a soil is to make it produce big crops’ [3]. This may apply 
to soils of great original natural fertility which can be well watered. All 
countries are not so fortunate, however, or perhaps they have been less 
scientifically cultivated from the beginning, so that they are already 
saddled with soils deficient in organic matter and all that that implies, and 
a water-supply far from the optimum either in quantity or in periods of 
distribution. It is no wonder then that the sugar-grower in such lands 
is largely concerned with the supply of organic matter to the soil, and 
is apt to regard with suspicion, or as a temporary expedient, any scheme 
of manuring which does not include the restoration of some organic 
matter. It is well known that those fields at Rothamsted that have 
annually received farm-yard manure are, for physical and physico- 
chemical reasons, capable of giving better crops over a long period than 
those receiving artificials [4]. 


Filter-Cake 

A waste product of the sugar factory that is frequently applied to the 
soil is the filter-press mud, known technically as ‘filter-cake’, which is 
obtained on filtering the raw cane-juice in the process of clarification. 
It is of very variable and complex composition. It consists of soil that 
adhered to the cane when it entered the mills, vegetable fibre, cane-wax, 
various colloidal materials originally present in the juice and coagulated 
by heat or chemical treatment, lime, and calcium salts of phosphoric 
and various organic acids derived from the juice. When the sulphitation 
method is used, calcium sulphite and sulphate are also present. Phos- 
phoric acid, sometimes used in defecating the juice, is also recovered as 
its calcium salt in the filter-cake as well as the calcium phosphate 
derived from the soluble phosphates originally present in the juice; 
although small in proportion to the whole, the calcium phosphate is 
naturally one of the important ingredients of filter-cake in its use as a 
manure. 

The calcium is almost entirely derived from the lime which is always 
used in defecating the juice, and in the carbonatation process as much 
as one-third or more of the dry substance of the filter-cake may consist 
of lime, either free or combined. The calcium-content is, however, con- 
siderably less in the filter-cake resulting from other defecation processes, 
and may contain from 10 to 25 per cent. of lime (CaO). ‘The usual pro- 
portion of phosphorus, calculated as P,O,, in filter-cake is in South 
Africa about 0-5 per cent. in carbonatation-cake, but may be from 1 to 
2 per cent. from the sulphitation process. In Hawaii, however, it is stated 
to be about 3 to 4 per cent. or more. 

Filter-cake also contains appreciable, though very variable, propor- 
tions of nitrogen organically combined, say 0-5 to 2 per cent., according 
to origin, but little or no potash. Its chief value as a manure lies in its 
organic matter, which usually amounts to about 60 per cent. of the dry 
substance. In the air-dried condition, filter-cake usually contains about 
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35 per cent. of moisture. The material is very bulky, so that it is economi- 
cal to apply it only to those fields that are situated conveniently near the 
tram-line from the factory. Further, its immediate benefit to soils of the 
heavier type is not always evident, though it is usually of very obvious 
benefit to lighter soils. 

‘There appears to be a tendency to use filter-cake in uneconomically 
large dressings on the more accessible fields, whereas it ought to be 
distributed more uniformly over the large suitable areas when preparing 
them for planting cane. The writer is not aware of any quantitative 
experiments that have been published in support of this contention, but 
is of the opinion that between 10 and 20 tons per acre of the air-dried 
cake will usually be found to be about the most economical application. 
Recent experiments with pen manure, which has a somewhat similar 
effect on the soil, have shown that there is no apparent advantage in 
using dressings greater than 10 to 15 tons per acre [1, 2]. 

In Hawaii filter-cake is used either alone or mixed with water or 
molasses; a substance known as ‘molash cake’ is a mixture of filter-cake 
with molasses, bagasse, furnace ashes, &c. In Java filter-cake is con- 
sidered to be of only limited value; it is, however, used to improve the 
texture of coarse sandy or poor heavy soils. 


Molasses 


Another by-product of sugar manufacture valuable as a manure is 
the treacle or molasses that is essentially the mother-liquor resulting 
after the final crop of crystals have been taken from the evaporated juice 
or ‘syrup’, as it is technically termed. The term ‘massecuite’ is used for 
the magma of sugar crystals and molasses before the former have been 
removed by centrifuging. Unlike filter-cake, which has little potential 
value except as a soil improver, molasses is a by-product capable of many 
useful applications, e.g. as a food for stock, as a fuel, or as a raw material 
for the manufacture, by fermentation, of alcohol and many other sub- 
stances. In fact, it seems wasteful to use molasses directly as a manure 
mainly for the sake of the potash it contains, when it is composed largely 
of valuable carbohydrates; it would be much more rational to use as 
manure the lees or so-called ‘dunder’ remaining after the useful fer- 
mentation-products have been removed. However, in these disjointed 
times, there is great difficulty in finding a market for alcohol and the 
many useful potential fermentation-products of molasses, so that there 
is relatively little demand nowadays for molasses for manufacturing 
purposes. 

‘There is evidence to show that the effect of molasses in the soil is not 
solely that of the potash (4 per cent.) and the very small amounts of other 
elements of manurial value that it contains, but that it brings about in 
the soil biochemical changes of ultimate agricultural benefit. This was 
first studied by Peck [5], also by Boname [6] and others, who showed 
that there was an eventual increase in nitrate-nitrogen content of the 
soil following a temporary decrease. For that reason molasses should be 
applied to the soil some weeks before planting cane, although it can be 
used directly on ratoon crops without apparent injury. Tempany and 
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Giraud, also in Mauritius [7], showed that molasses almost completely 
destroyed for a time the soil bacteria and other organisms usually pre- 
dominant in the soil, and promoted the growth more especially of fungi 
and torulae. Consequently the effect of the addition of molasses on 
nitrification is the same as that of partial sterilization: the rate of nitrifica- 
tion is ultimately increased. 

In Hawaii it was shown [8] that after the application of 10 tons of 
molasses to the acre all sugar disappeared after the lapse of 1 to 3 days, 
according to the type of soil; there was a large increase in total soil 
organisms, and all reactions inimical to plant-growth had ceased within 
a week. He also pointed out that if sufficient sodium nitrate be present 
in the soil, 40 lb. of nitrate-nitrogen is removed and built up into organic 
form for every ton of molasses decomposed. ‘This involves merely a 
temporary loss of available nitrogen, since the nitrogen in the micro- 
organisms becomes available to the plant at a later stage. 

On the other hand, O. Arrhenius in Java [9] shows that the injurious 
effect of molasses on plant life may persist for some time in heavy soils, 
because the vastly increased microflora feeding on the sugar clear the 
soil of available nitrogen. Using Amaranthus tricolor as an indicator 
plant, it was found that sandy soils recovered very suddenly after about 
3 weeks, but in clay soils the effect was still noticeable after 2 months. 
Nevertheless, molasses is widely used as a fertilizer in the Javan sugar 
industry and much study has been given to its effect in the soil and on 
the best time and mode of application. It is applied either diluted or 
undiluted before planting the cane and also during the growth of the 
crop. In 28 experiments with molasses the average increase of sugar- 
cane due solely to the molasses was 43 per cent. [10, 11]. To the 1933 
sugar-cane crop in Java nearly 11,000 cubic metres of molasses were 
applied, of which 6,800 .were dissolved in the irrigation water. 

In Java, as in several other countries, the use of molasses is commonly 
held to diminish slightly the sucrose-content of the cane, but this dis- 
advantage is more than offset by the increased yield of cane. ‘The 
physical effect of molasses on the soil has also been studied in Java by 
van den Bijllaardt [12], who shows that the colloidal content is greatly 
increased, and thereby in most cases the texture and productivity of the 
soil are much improved. According to-Javan experience the residual 
effects of molasses in the soil are not very prolonged, but in Hawaii the 
residual effects of the potash and phosphorus contents were still notice- 
able six years after application, notwithstanding the small proportion of 
phosphorus in molasses [13]. Lyman records a tremendous stimulating 
effect of heavy dressings (20-40 tons per acre) of molasses, preferably 
applied before planting. In a porous gravelly soil, the use of 20 tons of 
molasses resulted in a 56 per cent. increase in yield of sugar-cane. In 
most cases, however, the improvement in yield due to the usual applica- 
tion of 20~30 tons of molasses per acre is of the order of 15 or 20 tons 
of cane. The molasses is usually applied in the irrigation water in Hawaii; 
it normally contains 0-5 per cent. of nitrogen and 4:5 per cent. of potash 
as K,O. 


A most interesting and instructive paper on molasses as a fertilizer was 
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given by H. W. Kerr to the Fourth Congress of the International 
Society of Sugar Cane Technologists in Puerto Rico in 1932 [14], 
summarizing experience in Queensland. The same position had arisen 
there as in other countries: only a very limited proportion of the 
molasses produced could be used by distillers or for stock-feed, and 
much was run to waste, polluting rivers, &c., before its manurial value 
was sufficiently recognized. 

The general method is to apply molasses to old fields of cane due to 
be replanted; the molasses is mixed with refuse and furnace ashes before 
fallowing and ploughing out for replanting. In some cases molasses is 
run direct into the lines of ratoon crops. Experiments have shown that 
a moderate dressing of 8 tons per acre every five years is most satis- 
factory. The usual composition of final (exhaust) molasses in Queens- 
land is: nitrogen, potash (KO), 1-8—4-6; and phosphorus (P,O,), 
0-2-0'5 per cent. In a red loam of basaltic origin in the Bundaberg dis- 
trict, known to respond to manuring with potash, the plant-cane crop 
was increased from 22 to 37 tons of cane per acre and the first ratoons 
from 15 to 33 tons as a result of applying 10 tons of molasses per acre 
one month before ploughing and slave ‘The average response in the 
Bingera area is 2} tons of cane from each ton of molasses applied. As 
found elsewhere, the sugar-content was adversely affected, especially in 
the ratoon crops, but not so much as to discount seriously the manurial 
value of molasses. Kerr thinks that molasses is probably much more 
valuable as a manure than as a fuel or as a source of carbohydrate for 
fermentation industries. 

In South Africa little or no systematic field experiment has been 
completed as yet in the use of molasses as manure. One or two of the 
larger estates make a practice of utilizing molasses in the fields and 
report very good results. 


Other Waste Products of the Sugar Factory 

The remaining major by-product of the cane-sugar industry, the 
bagasse or extracted fibre of the cane, is seldom returned to the land. 
It is generally used as a fuel and in a well-regulated raw-sugar factory 
no other fuel should normally be necessary to maintain steam require- 
ments. In a few cases, however, it is used as a source of fibre for making 
building boards, paper, and the like. When used as a fuel the cinders 
are often made into a compost with other by-products or with pen 
manure. The bagasse cinders contain much of the potash originally 
present in the cane, but frequently in a vitrified condition, so that it is 
no longer available for the plant when returned to the soil. 


Use of Artificial Manures 
The increased use of artificial manures has already been mentioned, 
and in countries such as Hawaii, Java, Puerto Rico, and others the con- 
sumption of such fertilizers is very great. ‘The question has been raised 
whether this has not gone beyond economic limits [15]. In the opinion 
of the writer this is so only in a minority of cases, and one can point to 
many countries where the yield of sugar per acre has been greatly 
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increased over recent years largely by the increased use of artificial 
manures. It is certainly necessary to ensure that the sucrose-content of 
the cane is not seriously diminished by using manures to increase the 
yield of cane, but that can usually be attained by a suitable choice of 
form of fertilizer and quantity applied, and by harvesting the cane at the 
optimum period of maturity; since the lower sucrose-content is often 
merely a case of delay in the phase of increased sucrose-development 
associated with ripening. 

Nitrogen.—The most important element in most countries in the 
manuring of sugar-cane is nitrogen, and in many parts of the world 
nitrogen, usually in the form of ammonium sulphate, is the only fertilizer 
it is found necessary to apply over long periods. As in agricultural 
practice generally, however, the long-continued application of ammonium 
sulphate without other fertilizers entails undesirable residual effects in 
the soil, and notably an increase in soil acidity. Consequently the return 
to the soil of filter- cake, with its high content of lime, is specially to be 
recommended where practicable. The direct application of lime to the 
soil is not always found to be immediately profitable; in many places the 
high cost of transport precludes the use of this bulky material. 

Phosphorus.—A more generally practicable means of neutralizing 
acidity of the soil, in localities where the phosphatic manures are needed, 
is to use a common phosphatic fertilizer containing a calcium salt and, 
in the case of basic slag or the like, some free lime also. Such mate srials 
are superphosphate, basic slag, bone meal, raw rock phosphate, &c. 
‘This, of course, is an argument against the use of the modern con- 
centrated phosphatic fertilizers containing phosphate in the form of 
ammonium salts. ‘These have many advantages and have been shown 
to be very effective in many cases, but they do little or nothing towards 
neutralizing soils with an acid tendency, and may involve a need for 
liming. 

In many parts of the sugar-cane world there appears to be no response 
to phosphatic manures for long periods. ‘The crop, however, removes 
considerable amounts of phosphorus from the soil (variously ‘estimated 
from } to 1 Ib. of P.O, per ton of cane) of which only a fraction (if any) 
is returned to the field from which it is taken, so that in any soil for 
long under cane the time will come when the restoration of phosphorus 
is necessary. 

In some countries, notably South Africa, and to some extent also in 
parts of Hawaii and Australia, there is a natural deficiency of phos- 
phorus in the soil and regular applications of phosphatic manure are 
needed to grow satisfactory crops of sugar-cane. ‘This is particularly 
true of South Africa, where over go per cent. of some hundreds of soils 
that were analysed by the Department of Agriculture were found to be 
extremely deficient in phosphorus. The total P,O,-content is seldom 
greater than o-2 per cent., usually below o-1 per cent., and frequently 
less than 0-03 per cent. ‘The proportion considered as available phos- 
phate, that is, soluble in 1 per cent. citric-acid solution, is commonly 
of the order of 10 per cent. of the total. Under these conditions one 
finds a remarkable response to almost any form of phosphatic fertilizer, 
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a response increasing more or less proportionately with the quantity 
applied up to 1,000 Ib. or more of superphosphate per acre. 

Potassium.—Somewhat similar conditions apply in the case of 
potassium, i.e. many sugar-cane soils give no immediate response to 
potassic manure, but a time must come when stores of available potas- 
sium in the soil become depleted by continual cropping, if little or none 
of the element is restored. ‘There is, however, this important difference 
between potassium and phosphorus: most soils contain sufficient 
potassium for the potential supply of the needs of the plant for very 
many years, but the stock of soluble or available potassium may be 
lacking very much sooner. Although this may very conveniently be 
supplied by means of potassic manures, there are other ways of supplying 
potash to the plant, e.g. by making soluble more of the insoluble potassium 
compounds. ‘This may be done in some soils by the application of lime, 
using the principle of base exchange; or by tillage; or by the cultivation 
of green-manure crops. Some plants, e.g. buckwheat, appear to have 
a greater facility for utilizing the less readily soluble forms of potas- 
sium, as well as those of phosphorus, and leaving them in the soil in a 
form available to plants, like sugar-cane, that are not so well equipped. 
There are, however, some soils so deficient in available potash that 
immediate heavy dressings of potassic manure may be necessary to 
ensure profitable results. 


Optimum Forms of Artificial Manures 


The most suitable form in which to apply nitrogen seems to be largely 
a question of economics in many countries, the sugar-cane appearing to 
have no decided preference for any one form; in other cases, however, 
the relative response appears to be governed by the form in which the 
nitrogen is applied. ‘Thus we find that within recent years sodium 
nitrate has been ousted to a considerable extent by ammonium sulphate 
in Hawaii and certain other countries largely because of the lowered cost 
of ammoniacal nitrogen relative to nitrate-nitrogen, the response to the 
former apparently being for all practical purposes as great as to the latter. 
In South Africa, on the contrary, we find very different conditions. Here 
ammonium sulphate is apt to fail in dry soils or in dry seasons, but 
it appears to give more consistent results with irrigation. Sodium 
nitrate will sometimes succeed in dry acid soils where ammonium 
sulphate fails, whereas in soils teats Ms deficient in organic matter 
the sugar-cane plant appears to be unable to utilize either of these 
inorganic forms of nitrogen notwithstanding the very low nitrogen- 
content of the soil, but will respond generously to nitrogen in organic 
combination such as whale guano [16]. 

The question has long been discussed whether the more expensive 
sulphate of potash should be used or whether the chloride gives better 
results, taking into account its lower cost per unit of potash. Results are 
rather conflicting, but on the whole the case for the sulphate does not 
seem to have been proved (cf. the results of experiments carried out 
in Australia over three years [17]). The nitrate of potassium is now 
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commercially available, but little appears to have been published regard- 
ing its use as a fertilizer for sugar-cane. 

In phosphatic manures we have a somewhat wider choice of com- 
mercial forms than in potassium compounds. On the whole, super- 
phosphate seems to have established itself as the most effective and 
economical phosphatic fertilizer to use in the majority of cases. Under 
some conditions untreated, ground rock phosphate may give equal 
results, but these are rare exceptions, and it is not for nothing that the 
sae Sg - discovery of Lawes has proved the foundation of a vast 
chemical industry in the service of agriculture—the manufacture of 
superphosphates. The fallacy that because superphosphate has an acid 
reaction its ultimate effect in the soil will be an acidifying one, has now 
been exploded; nevertheless, there are acid conditions in which the use 
of basic slag may be preferred, since it contains free lime, whereas super- 

hosphate contains calcium sulphate. At the present day, however, 
foal slag has the disadvantage of being in many countries more costly 
per unit of phosphorus than superphosphate; and in some cases it 
appears to be less suitable as a fertilizer than formerly, owing to changes 
in practice in the steel-smelting industry of which it is a by-product. 
Bone is sometimes used as a manure in the sugar industry, but not very 
extensively, and in South Africa at least it rarely justifies its extra cost. 


Other Elements necessary to Plant Life 


Although nitrogen, phosphorus, potassium, and perhaps calcium, are 
the only elements usually considered in a survey of plant requirements, 
there are other elements required in less quantity but which are equally 
necessary to the life of the plant; and their absence in exceptional cir- 
cumstances may give rise to obscure conditions of infertility of the 
soil. Among these elements are manganese, magnesium, copper, boron, 
and sulphur. A striking example of this occurred a few years ago in 
Florida, U.S.A., where some peat soils were shown to be capable of 
growing luxuriant crops of sugar-cane and other plants with the applica- 
tion of minute quantities of copper sulphate, 30-50 lb. per acre, but not 
without added copper [18]. 


Manurial Practice in Different Countries 


A study of the optimum rates of application of artificial manures 
impresses one more than ever with the force of the late F. 5. Earle’s 
dictum: “The use of commercial fertilizers is so largely a local question 
that it is difficult to give a general discussion that will not be more or 
less misleading’ [19]. It may be well, however, to outline what is con- 
sidered the best practice, actual or indicated, in some of the principal 
cane-producing countries where conditions and practice are standardized 
or experiments have been made. 

Java.—The first detailed experiments ever made with artificial 
manures for sugar-cane, according to Noel Deerr [20], were done in 
Java in 1857, and it is in Java within recent years that the most detailed 
and comprehensive investigations, both experimental and statistical, 
have been made, mainly through the Experiment Station at Pasoroean. 
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The data show that ammonium sulphate is applied to almost all fields 
of sugar-cane at an average rate of 400 lb. per acre. Phosphatic fertilizers 
are applied to a considerable minority of fields (the poorer soils) in 
quantities usually corresponding to about 60 lb. of P,O; per acre. ‘The 
phosphatic fertilizers now used consist of about 30 per cent. of double 
superphosphate, the balance being mainly various proprietary forms of 
ammonium phosphate. Very little potassic fertilizer is used in Java [21]. 
Sodium nitrate appears to be no more effective than ammonium sulphate 
in Java and has certain practical disadvantages in handling and storage 
as well as extra cost. Phosphatic manures, where used, are strewn in the 
furrows before planting; sulphate of ammonia is put into holes made 
near each plant and supplied in two or three applications, from 3 to 8 
weeks after planting [22]. 

Hawaii.—In Hawaii great diversity of conditions and practice exist, 
but planters are guided by very numerous soil analyses and field experi- 
ments; between 200 and 300 field experiments are completed every year 
by the Experiment Station of the Hawaiian Sugar Planters’ Association, 
and nearly as many more are carried out independently on private 
estates. Mitscherlich pot tests, using Sudan grass as an indicator plant, 
are also extensively applied. 

Very heavy applications of nitrogen are made ranging from 100 to 
300 Ib. of nitrogen per acre. Of recent years sodium nitrate has been 
largely replaced by ammonium sulphate and ammonium phosphate. 
The latter also supplies much of the phosphorus required, but there is 
a considerable field also for double and so-called ‘treble’ superphosphates. 
The quantities of phosphatic manure usually applied in Hawaii vary 
from nil to the equivalent of 300 lb. of P.O, per acre or even more. 
Purely phosphatic manures are usually applied only at the beginning of 
the crop, but nitrogenous fertilizers are applied at intervals over the 
growing period, usually in the irrigation water. The estates are com- 
monly irrigated, unless they have a large annual rainfall. The application 
of potassic manures also varies enormously in Hawaii, ranging from 
none to very large quantities. The use of the modern concentrated 
manures (ammonium phosphate type) is increasing rapidly in Hawaii 
in present economic circumstances. Complete fertilizers are usually 
applied at the rate of 1,600-2,300 lb. per acre, usually about 1,800 lb. [23]. 

Puerto Rico and Cuba.—Another country in which very great advances 
have been made in the use of artificial manures during recent years is 
Puerto Rico. ‘The usual practice there is to apply a complete fertilizer 
containing ammonium sulphate, superphosphate, and potassium chloride 
or sulphate. A common procedure is to apply 400-600 Ib. per acre of 
the mixed fertilizer 6 or 8 weeks after planting, followed by 400 or 
600 Ib. per acre of ammonium sulphate 6 to 10 weeks later; sometimes 
still another application of ammonium sulphate is made. The composi- 
tion of the mixed fertilizer varies considerably within the following 
normal limits: Nitrogen (ammoniacal) 10-14, phosphate (citric soluble 
P,O;) 4-8, potash (K,O as chloride or sulphate) 3-16 per cent. The total 
quantity of fertilizer consumed in Puerto Rico (nearly all for sugar-cane) 
has increased from 10,000 tons in IgII to 43,000 tons in 1922 and 
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101,000 tons in 1930, although the area under cane has increased very 
little over the past 10 or 15 years. 

In some of the more important cane-growing countries very little 
artificial manure appears to have been used. This is true, for example, 
of Cuba, where sugar-cane agriculture has mostly followed extensive 
methods with little attempt in most areas to intensify production. This 
forms a marked contrast to the highly developed sugar-manufacturing 
industry, which under American control attained a very high peak of 
production and efficiency a few years ago. 

British West Indies.—In the British West Indies the more usual 
practice is to use smaller quantities of ammonium sulphate, say 150- 
200 Ib. per acre, though the tendency is to use increasing quantities 
following the experiments made by the Imperial College of ‘Tropical 
Agriculture in ‘Trinidad, which showed that amounts up to 500 lb. per 
acre may be profitably used. ‘The soil does not usually show a response 
to phosphatic manure, but in many of the lighter soils, at least, potassic 
manure may be used with advantage. 

Very comprehensive experimental work was done by Harrison in 
British Guiana and the results of 24 years’ work are embodied in West 
Indian Bulletin 1904 [27]. Harrison found that applications of ammonium 
sulphate rising to 300 |b. per acre yielded over 2 cwt. of extra sugar per acre 
for every 10 lb. of nitrogen applied; sodium nitrate was almost as valu- 
able, but organic nitrogen was of somewhat less direct value. He showed 
that there was a progressive loss of nitrogen from soils continually under 
cane that could be checked by the addition of farmyard manure, but 
not by ammonium sulphate or sodium nitrate. The addition of 3 cwt. 
of superphosphate to plant canes was of advantage in most soils, but not 
to ratoons, and potash was not ordinarily required in British Guiana 
soils. Harrison concluded that soils containing 0-007 per cent. or more 
of PO, soluble in 1 per cent. citric-acid solution did not respond to 
“0 manure. Where the content of citric-soluble P,O; was 

etween 0-005 and 0-007 per cent., moderate applications of phosphates 
were likely to be of advantage, and with less than 0-005 per cent., heavy 
dressings were indicated. Similarly with potassium, a content of 0-008 
per cent. or more of K,O soluble in 1 per cent. citric acid denoted a 
sufficiency of that element; between 0-005 and 0-008 per cent. the 
response was doubtful, but below 0-005 per cent. it could be expected. 

Soil conditions in British Guiana have changed under continuous 
cultivation since Harrison’s day; for example, the reaction of front-land 
soil in which he did his work has changed from alkaline to acid; and more 
recent instructive work has been done by Williams and Follet-Smith [28]. 
The soils of British Guiana are mostly heavy clays at or below sea-level 
and almost entirely lacking in natural drainage. ‘The soil of each experi- 
mental site, as disclosed by laboratory tests, is adequately described 
in Harrison’s record. ‘The optimum dressing of ammonium sulphate is 
2-6 cwt. There is little definite evidence regarding phosphatic and 

otassic manures under present conditions, but superphosphate generally 
is shown to be superior to untreated rock phosphate. 

In Barbados, Saint [2] showed that with normal rainfall the best 
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returns are usually obtained from applications of 60-80 Ib. of available 
nitrogen and 80-100 lb. of available potash per acre. There was no 
advantage in applying these elements in any particular form, so that the 
cheaper ammonium sulphate and potassium chloride are recommended. 
There was no response to phosphorus as superphosphate in any of the 
experiments. 

A summary of 25 years’ work on 126 different series of co-operative 
manurial experiments in Jamaica is given by Cousins [29]. Here also 
nitrogen is the most effective manurial element, especially when ammo- 
nium sulphate is applied at the rate of 100-300 lb. per acre. Potassium 
frequently gives a return, though not always; in some cases it appears to 
be absolutely necessary and the grower is recommended in general to 
apply from } to 1 cwt. per acre of potassium sulphate. Phosphates are 
rarely profitable; basic slag frequently gave results that were eventually 
traced to the content of lime and not to the phosphorus. 

India.—India has now by far the largest sugar industry of any country 
in the world and at the moment there is what may be called a boom in 
new sugar factories in that country. The earliest recorded reference to 
the manuring of sugar-cane with artificials appears to have been in the 
Journal of the Agricultural Society of India in 1843, but relatively little 
has been published regarding manurial trials or practice in India, and 
the agricultural side of the industry is apparently still largely in a some- 
what primitive condition. Experiments, published by A. P. Cliff [24], 
show that in the kind of land on which cane is commonly grown in the 
important sugar-growing area of North Bihar, applications of artificial 
manures equivalent to 40 lb. of nitrogen and 50~—100 lb. of P,O, are very 
profitable. ‘The nitrogen and phosphorus were applied either as a 
mixture of ammonium sulphate and superphosphate or as ammonium 
phosphate preparations, and with the same results. As would be 
expected from the vast extent of India, conditions in the different sugar- 
growing tracts vary even more than in most countries, but in North 
India at least the growing season is limited, as in other extra-tropical 
countries, e.g. Louisiana, by an annual cold season making it necessary 
to harvest the crop every year. Under these conditions heavy applica- 
tions of nitrogenous fertilizer may result in a crop low in sucrose by 
prolonging the growing-period and delaying maturity beyond the time 
when it is necessary to harvest the cane. 

Oueensland.—An__ interesting summary of experimental work in 
Queensland is given by H. W. Kerr [25]. It is shown that the red 
volcanic soils respond chiefly to potash, whilst the acid alluvials require 
heavy dressings of phosphates. Practically all soils need nitrogen, at 
least for the ratoon crops, if not the plant-cane also. The most profitable 
application of nitrogen is not yet determined, but 400 lb. or more of 
ammonium sulphate per acre appears to have given very good results 
for many ratoon crops. 

Mauritius.—The return of all crop residues is strictly practised as 
well as the use of pen manure, so that the loss of manurial elements from 
the soil is reduced to a minimum. N. Craig [26] states that normally 
there is little response to artificial fertilizers except in a few instances to 
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phosphatic or potassic manures in soils known to be deficient in available 
forms of these elements. 

South Africa.—Field-experiment work is not yet sufficiently advanced 
to indicate precisely the optimum quantities of manures to apply, but it 
is evident that in most soils there is a profitable response to phosphates 
and usually also to potassium, and to nitrogen if applied in suitable form, 
except sometimes in seasons of inadequate rainfall. In the phosphorus- 
deficient soils of this country, applications of go-200 lb. per acre of 

hosphoric oxide are indicated [16]. 

North and South America.—In the Argentine Republic, according to 
Cross [15] and Rosenfeld [15], there is seldom a positive response to 
commercial fertilizers in terms of yield of sugar per acre. Rosenfeld 
has also shown that in Louisiana there is not usually a response to 
nitrogenous manure applied to plant-cane crops following a green- 
manure crop, but that there was a profitable response to about 30 or 
40 lb. of nitrogen per acre to ratoon crops. There did not appear to be 
experimental justification for the practice in Louisiana of applying small 
quantities of phosphatic manure. 

There is an interesting example in Peru of a cane-sugar industry 
entirely dependent on irrigation. The alluvial coastal lands where the 
cane is cultivated are rainless and, as might be expected under such 
conditions, the soils are very fertile, and generally speaking the supply 
of moisture (or some other growth factor) forms the limiting factor 
rather than the supply of plant-food available in the soil. According to 
experiments by Lopez Dominguez [30], there was in certain cases a 
response to nitrogen, preferably from a mixture of Peruvian guano 
(10-14 per cent. N, g-12 per cent. P,O;, 1-2 per cent. K,O) and 
ammonium sulphate supplying too lb. nitrogen per acre. Heavy applica- 
tions of potassic manures of the order of 400 lb. of K,O per acre tended 
to counteract the depressing effect of nitrogenous manure on the quality 
of the cane-juice and in some cases led to an increase in cane yields also. 

Philippine Islands.—Another tropical locality in which heavy applica- 
tions of ammonium sulphate to sugar-cane are indicated is the Philippine 
Islands, where Lee [31] has shown that 400 lb. per acre gives profitable 
results. In the recent volcanic soils of Negros there was no response to 
potassic manure, and none to phosphates in lowland, though there was 
in upland, soil. 

Conclusion.—It will be seen that in most sugar-cane growing countries 
the manuring of the crop is an important factor. Manuring has amply 
repaid the study that has been given to it, and in many countries it would 
be well worth while to do much more research than has hitherto been 
done. Whatever the effective demand for the product may be, it is 
manifestly of advantage that the soil be made as productive as possible 
per unit area placed under any given crop. 
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ERRATA 
In Vol. I, No. 4, page 380: 


Ref. No.3, for 1932,29, read 1931,33; Ref.No.5, for 34, read 24; 
Ref. No. 10, for 1933, read 1932; Ref. No. 15, for 30, read 35. 
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